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CAR, WALKINGAPPARATUS, AND METHOD 
OF DETERMINING SHAPE OF WHEEL 

RELATED APPLICATIONS 

This application is a divisional application based on U.S. 
application Ser. No. 1 1/636,687 filed on Dec. 8, 2006, entitled 
“CAR, WALKING APPARATUS, AND METHOD OF 
DETERMINING SHAPE OF WHEEL.” The teachings of the 
aforementioned application are incorporated herein by refer 
CCC. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Japanese Patent Application No. 2004-156073 filed on 
May 26, 2004, is incorporated by reference. 
The present application claims priority upon Japanese 

Patent Application No. 2006-129078 filed on May 8, 2006, 
Japanese Patent Application No. 2006-129079 filed on May 
8, 2006, Japanese Patent Application No. 2006-1484.16 filed 
on May 29, 2006 and Japanese Patent Application No. 2006 
163959 filed on Jun. 13, 2006, which are herein incorporated 
by reference. 

BACKGROUND 

1. Technical Field 
The present invention relates to cars, walking apparatuses, 

and methods of determining shape of wheel. 
2. Related Art 

(1) (2) 
Cars are already well known. The car is provided with a 

rotatable wheel and runs in a predetermined traveling direc 
tion by the wheel rotating (refer to JP-A-2002-227883). 
By the way, a typical car is provided with the rotatable 

wheel and runs in a predetermined traveling direction by 
rotating the wheel. Such a car can make a turn by changing a 
direction of the wheel and can move backwards by rotating 
the wheel in an opposite direction, however, diversity of those 
movements is limited. 
(3) 

Walking apparatuses are well known. The walking appa 
ratus is provided with legs for walking (refer to JP-A-2002 
227883). 
(4) 

Cars having wheels that can rotate about a rotation axis are 
already well known. Furthermore, among the cars, there are 
cars provided with an attitude control mechanism for control 
ling the attitude of the car. Moreover, a wheel that is provided 
to the car has a contacting portion that can contact the ground 
while the car is moving and that is located lower than the 
rotation axis (refer to JP-A-2005-335513). 
By the way, the attitude of the car needs to be able to change 

according to the movement of the car. For example, when the 
carperforms a turning movement, a direction changing move 
ment and so on, the attitude of the car needs to be inclined. In 
addition, the easier it is to incline the attitude of the car, the 
more the maneuverability of the car improves. For this rea 
son, it is preferable that the contacting portion of the wheel is 
in a shape in which the attitude of the car can be easily 
changed to an inclined State. 
On the other hand, the attitude of the car must be appropri 

ately controlled by the attitude control mechanism. For 
example, the attitude of the car in the inclined state needs to be 
appropriately restored to an upright state by control of the 
attitude control mechanism. However, an attitude control 
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2 
ability of the attitude control mechanism has a limit, and 
depending on the shape of the contacting portion, there is a 
possibility that the attitude of the car is not maintained in an 
appropriate state. Therefore, the shape of the contacting por 
tion needs to be a shape that takes into account the limit of the 
attitude control ability of the attitude control mechanism, so 
that the attitude of the car is maintained in an appropriate 
State. 

(5) 
There is already well known a car having a car body, and a 

wheel that is rotatably provided to the car body; an attitude of 
the car being restorable to a non-inclined State from an 
inclined state in which the car body and the wheel are inclined 
to the side, by control of an attitude control mechanism that 
controls the attitude of the car (refer to JP-A-2005-335513). 
By the way, the shape of the wheel had been determined 

from the viewpoint of, for example, Versatility, manufactur 
ability, design, and the like. 

However, the shape of the wheel influences the perfor 
mance of the car, and in particular, whether or not the attitude 
of the car in the inclined state can be restored to the non 
inclined state depends on the shape of the wheel. Therefore, in 
the case where the wheel with a shape which was determined 
from the viewpoint mentioned above is provided to the car, 
there is a possibility that the attitude of the car in the inclined 
state can not be appropriately restored to the non-inclined 
state by the control of the attitude control mechanism, and it 
becomes difficult to improve the performance of the car. 

SUMMARY 

(1) (2) 
An advantage of a first aspect and a second aspect of the 

invention is that it is possible to realize a car that can perform 
various types of movements. 
An aspect of the invention is a car having a rotatable wheel, 

the car being able to run by rotating the wheel; the car includ 
ing: 

a leg used by the car for walking; and 
an attitude stabilization section for stabilizing an attitude of 

the car. 
An aspect of the invention is a car having a rotatable wheel, 

the car being able to run by rotating the wheel, the car includ 
ing: 

a leg used by the car for walking; 
a rotatable flywheel with an axial direction of a rotation 

axis that is along an axial direction of a rotation axis of the 
wheel; and 

a control moment gyro for stabilizing an attitude of the car. 
(3) 
An advantage of a third aspect of the invention is that it is 

possible to realize a walking apparatus that can perform cari 
OuS movementS. 

An aspect of the invention is a walking apparatus that can 
walk including: 

a leg used for walking of the walking apparatus; and 
an attitude stabilization section for stabilizing an attitude of 

the walking apparatus. 
(4) 
An advantage of a fourth aspect of the present invention is 

that it is possible to realize a car that can easily change its 
attitude to an inclined State, and maintain the attitude in an 
appropriate state. 
An aspect of the invention is a car having a wheel that is 

rotatable about a rotation axis including, 
an attitude control mechanism for controlling an attitude of 

the car, 
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wherein the wheel has a contacting portion that can contact 
a ground while the car is moving, and that is located lower 
than the rotation axis, 

wherein when animaginary plane that includes the rotation 
axis and in which the normal direction is a horizontal direc 
tion is a first imaginary plane, an intersection line of the 
contacting portion and the first imaginary plane is a curved 
line, 

wherein among the points on the curved line are included a 
first point that satisfies a following first condition and a sec 
ond point that satisfies a following second condition, 

wherein in the first condition, a second imaginary plane 
includes the first point and is perpendicular to the first imagi 
nary plane, the second imaginary plane in which the normal 
direction of the second imaginary plane is a tangential direc 
tion of the curved line at the first point, being located lower 
than the center of gravity of the car, and 

wherein in the second condition, a third imaginary plane 
includes the second point and is perpendicular to the first 
imaginary plane, the third imaginary plane in which the nor 
mal direction of the third imaginary plane is a tangential 
direction of the curved line at the second point, being located 
upper than the center of gravity of the car. 
(5) 
An advantage of a fifth aspect of the present invention is 

that it is possible to provide a shape of a wheel that improves 
performance of a car. 
An aspect of the invention is a method of determining a 

shape of a wheel of a car, the car having a car body, and the 
wheel that is rotatably provided to the carbody; an attitude of 
the car being restorable to a non-inclined State from an 
inclined state in which the car body and the wheel are inclined 
to the side, by control of an attitude control mechanism that 
controls the attitude in order to restore the attitude of the car; 
the method including: determining the attitude in which state 
is to be restored to the non-inclined State, in order to set an 
attitude restoring performance of the car, and determining the 
shape of the wheel, based on a result that has been determined 
and a parameter showing a control ability of the attitude 
control mechanism. 

Other features of the invention will become clear through 
the description of the present specification with reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention and the 
advantages thereof, reference is now made to the following 
description taken in conjunction with the accompanying 
drawings wherein: 

FIG. 1 is a schematic diagram showing an external con 
figuration of the monocycle 2: 

FIG. 2 is a schematic diagram showing the main structural 
elements of the monocycle 2: 

FIGS. 3A to 3.J are state transition diagrams for explaining 
the example of Switching between a running movement and a 
walking movement in the case the ground is made level and in 
the case the ground is not made level; 

FIGS. 4A to 4J are state transition diagrams for explaining 
the example of Switching between the running movement and 
the walking movement in the case where there are stairs and 
in the case where there are no stairs; 
FIGS.5A to 5G are state transition diagrams for explaining 

the movement of the monocycle 2 in the case there is an 
ascending step on the ground; 
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4 
FIGS. 6A to 6G are state transition diagrams for explaining 

the movement of the monocycle 2 in the case there is a 
descending step on the ground; 

FIGS. 7A to 7G are state transition diagrams for explaining 
the movement of the monocycle 2 in the case there is a curb on 
the ground; 

FIGS. 8A to 8D are state transition diagrams for explaining 
the movement of the monocycle 2 in the case there is an object 
to be carried on the ground; 

FIG. 9 is a schematic diagram showing an external con 
figuration of the monocycle 2 in other embodiment; 

FIG. 10 is a perspective view showing an external configu 
ration of a monocycle 1002: 

FIG. 11 is a schematic diagram showing a side surface of 
main structural elements of the monocycle 1002: 

FIG. 12 is a schematic cross-sectional view of the main 
structural elements of the monocycle 1002 shown in FIG. 11 
cut at a cross-section A-A in FIG. 11; 

FIG. 13 is a perspective view of a wheel 1008; 
FIG. 14 is a diagram for describing a first intersection line 

1100 as the shape of a first contacting portion 1008f 
FIG. 15 is a diagram showing the shape of the first inter 

section line 1100 in which a second point 1105 is included but 
a first point 1104 is not included in the points on the first 
intersection line 1100: 

FIG. 16 is a diagram for describing the attitude of the 
monocycle 1002, when the monocycle 1002 provided with 
the first contacting portion 1008f that has the first intersection 
line 1100 shown in FIG. 15 is inclining so as to rotate about an 
X axis; 

FIG. 17 is a diagram showing the shape of the first inter 
section line 1100 in which the first point 1104 is included but 
the second point 1105 is not included in the points on the first 
intersection line 1100: 

FIG. 18 is a diagram for describing the attitude of the 
monocycle 1002, when the monocycle 1002 provided with 
the first contacting portion 1008f that has the first intersection 
line 1100 shown in FIG. 17 is inclined so as to rotate about the 
X axis; 

FIG. 19 is a diagram for describing the shape of the first 
intersection line 1100 in the first contacting portion 1008f 
according to a first modified example; 

FIG. 20 is a diagram that corresponds to FIG. 14 and FIG. 
19, and shows the shape of the first intersection line 1100 
provided with a second curved line portion 1109 at the center 
portion and both end portions; 

FIG. 21 is a diagram that describes the shape of the first 
intersection line 1100 of the first contacting portion 1008f 
according to the second modified example, and corresponds 
to FIG. 20; 

FIG. 22 is a diagram for describing the shape of the first 
intersection line 1100 provided with a straight line portion 
1210, a third curved line portion 1221, and a fourth curved 
line portion 1222; 

FIG. 23 is a perspective view showing an external configu 
ration of a monocycle 2002: 

FIG. 24 is a diagram schematically showing sides of main 
structural elements of the monocycle 2002; 

FIG. 25 is a schematic cross-sectional view of the main 
structural elements of the monocycle 2002 shown in FIG. 24, 
cut at a cross-section shown by reference character A-A in 
FIG. 24; 

FIG. 26 is a perspective view of a wheel 2008; 
FIG. 27 is a flowchart showing a method of determining a 

shape of the wheel 2008: 
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FIG.28 is a flowchart of a numerical calculation performed 
for determining a radius of curvature R of a first intersection 
line 2100 which is an arc: 

FIG. 29.A shows the monocycle 2002 with its attitude 
changed from an upright state, and is an explanatory diagram 
regarding a tilted angle when the attitude of the monocycle 
2002 is in a tilted state; 

FIG. 29B shows the monocycle 2002 with its attitude 
changed from the upright state, and is an explanatory diagram 
regarding an inclined angle when the attitude of the mono 
cycle 2002 is in an inclined state; 

FIG. 30 is a diagram for explaining calculation results 
obtained by the numerical calculations performed for deter 
mining the radius of curvature R; 

FIG. 31 is a drawing that corresponds to FIG. 30, and 
shows the results of the numerical calculations performed by 
changing the maximum number of rotations of a flywheel 
2032, that is inputted at the time of the numerical calculations 
shown in FIG. 30; and 

FIG.32 is a diagram describing a rotation moment which is 
generated when the attitude of the monocycle 2002 is in the 
inclined state and in the tilted state. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

At least the following matters will be made clear by the 
explanation in the present specification and the description of 
the accompanying drawings. 
(1) 
A car having a rotatable wheel, the car being able to run by 

rotating the wheel; the car including: 
a leg used by the car for walking; and 
an attitude stabilization section for stabilizing an attitude of 

the car. 
Thus, it is possible to realize a car that can perform various 

movements with stability. 
Further, it is possible that the attitude stabilization section 

is a control moment gyro. 
Thus, it is possible to stabilize the attitude of the car appro 

priately evenifa large external force that makes the attitude of 
the car change is applied to the car. 

Further, it is possible that the control moment gyro includes 
a rotatable flywheel and an axial direction of a rotation axis of 
the flywheel can be along a direction from a contacting por 
tion toward a center portion of the wheel. Further, it is pos 
sible that the car has a plurality of the control moment gyros, 
wherein the control moment gyro includes the rotatable fly 
wheel, and wherein the axial direction of the rotation axis of 
the flywheels provided to each of the control moment gyros 
are different to each other. 

Further, number of the above wheel can be one. 
In Such a case, an effect of the attitude stabilization section, 

namely, an effect of making it possible for the car to perform 
various movements with stability will be exerted more effec 
tively. 

Further, it is possible that the car has at least two legs, 
wherein the leg includes a foot and a plurality of joint por 
tions, wherein the car walks by making the feet alternately 
contact the ground by bending and extending the joint por 
tions. 

In Such a case, it is possible to perform the walking move 
ment appropriately. 

Further, the above foot can include a finger part which can 
hold an object. 

In Such a case, the variation of movements of the car 
increases. 
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6 
Further, the car can be provided with a hand that can hold 

an object and an arm that is connected to the hand. 
In such a case, the variation of movements of the car further 

increases. 
Further, the car can run by rotating the wheel, in a state that 

the legs are folded by bending the joint portions. 
In Such a case, the possibility of the legs hindering the 

running movement of the car decreases. 
Further, the car can walk by making the feet alternately 

contact the ground by bending and extending the joint por 
tions, in the State that the wheel is not contacting the ground. 

In such a case, the possibility of the wheel hindering the 
walking movement of the car decreases. 

Further, it is possible that the car switches between a run 
ning movement by the wheel and a walking movement by the 
legs, according to the state of the ground. 

In such case, it is possible for the car to move efficiently. 
Further, it is possible that the car has a detection section for 

detecting the state of the ground, wherein the car Switches 
between the running movement by the wheel and the walking 
movement by the legs, according to an output from the detec 
tion section. 

In Such a case, the car can move efficiently, even if infor 
mation regarding the state of the ground is not provided 
beforehand. 

Further, it is possible that the feet are made to contact the 
ground when passing a step or projections and depressions, in 
the case where there is the step or projections and depressions 
on the ground during the running movement by the wheel. 

In Such case, it becomes possible to prevent the car from 
being applied with an excessive impact. 

Further, it is possible that the car has the detection section 
for detecting the step or projections and depressions, wherein 
the feet are made to contact the ground, according to an output 
from the detection section. 

In Such a case, it becomes possible to prevent the car from 
being applied with an excessive impact, even if information 
regarding the step or projections and depressions is not pro 
vided beforehand. 

Further, it is possible that the car runs by rotating the wheel, 
in the state an object is held by the finger part provided to the 
foot. 

In Such a case, it is possible to carry the object appropri 
ately. 

Further, it is possible that the car runs by rotating the wheel, 
and walks by making the feet alternately contact the ground 
by bending and extending the joint portions, in the state an 
object is held by the hand. 

In Such a case, it is possible to carry the object appropri 
ately. 

Further, the car can be a monocyclic passenger car that a 
person can ride in. 

In Such a case, a monocyclic passenger car with a high level 
of convenience is realized. 

Further, there can be realized the car having a rotatable 
wheel, the car being able to run by rotating the wheel; the car 
including: 

a leg used by the car for walking; and 
an attitude stabilization section for stabilizing an attitude of 

the car, 
wherein the attitude stabilization section is a control 

moment gyro, 
wherein the control moment gyro includes a rotatable fly 

wheel, 
wherein an axial direction of a rotation axis of the flywheel 

is along a direction from a contacting portion toward a center 
portion of the wheel, 
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wherein the number of the wheel is one, 
having at least two legs, 
wherein the leg includes a foot and a plurality of the joint 

portions, 
wherein the car walks by making the feet alternately con 

tact the ground by bending and extending the joint portions, 
wherein the foot includes a finger part that can hold an 

object, 
wherein the car runs by rotating the wheel, in a state that the 

legs are folded by bending the joint portions, 
wherein the car walks by making the feet alternately con 

tact the groundby bending and extending the joint portions, in 
the state that the wheel is not contacting the ground, 

wherein the car Switches between a running movement by 
the wheel and a walking movement by the legs, according to 
the state of the ground, 

having a detection section for detecting the state of the 
ground, 

wherein the car Switches between the running movement 
by the wheel and the walking movement by the legs, accord 
ing to an output from the detection section, 

wherein the feet are made to contact the ground when 
passing a step or projections and depressions, in the case 
where there is the step or projections and depressions on the 
ground during the running movement by the wheel, 

having the detection section for detecting the step or pro 
jections and depressions, 

wherein the feet are made to contact the ground, according 
to an output from the detection section, 

wherein the car runs by rotating the wheel, in the state an 
object is held by the finger part provided to the foot, and 

wherein the car is a monocyclic passenger car that a person 
can ride in. 
(2) 
A car having a rotatable wheel, the car being able to run by 

rotating the wheel, the car including: 
a leg used by the car for walking; 
a rotatable flywheel with an axial direction of a rotation 

axis that is along an axial direction of a rotation axis of the 
wheel; and 

a control moment gyro for stabilizing an attitude of the car. 
Thus, it is possible to realize a car that can stably perform 

various movements. 
Further it is possible that the number of the wheel is one. 
In this case, an effect of the control moment gyro, that is, an 

effect that the car can stably perform various movements can 
be more effectively exerted. 

Further, it is possible that a car has at least two legs, 
wherein the leg includes a foot and a plurality of joint 

portions, 
wherein the car walks by making the feet alternately con 

tact the ground by bending and extending the joint portions. 
In this case, it is possible to appropriately perform a walk 

ing movement. 
Further it is possible that the foot includes a finger part that 

can hold an object. 
In this case, variations in the movement of the car 

increases. 
Further it is possible that a car includes a hand that can hold 

an object; and an arm that is connected to the hand. 
In this case, variations in the movement of the car further 

increases. 
Further it is possible that the car runs by rotating the wheel, 

in a state that the legs are folded by bending the joint portions. 
In this case, the possibility of the legs obstructing the 

running movement of the car decreases. 
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8 
Further, it is possible that the car walks by making the feet 

alternately contact the ground by bending and extending the 
joint portions, in the state that the wheel is not contacting the 
ground. 

In this case, the possibility of the wheels obstructing the 
running movement of the car decreases. 

Further, it is possible that the car switches between a run 
ning movement by the wheel and a walking movement by the 
legs, according to the state of the ground. 

In this case, it is possible for the car to move efficiently. 
Further, it is possible that a car includes, a detection section 

for detecting the state of the ground, 
wherein the car Switches between the running movement 

by the wheel and the walking movement by the legs, accord 
ing to an output from the detection section. 

In this case, it is possible for the car to move efficiently, 
even if information regarding the state of the ground is not 
provided in advance. 

Further, it is possible that in the case where there is a step 
or projections and depressions on the ground during the run 
ning movement by the wheel, the feet are made to contact the 
ground when passing the step or the projections and depres 
sions. 

In this case, it is possible to prevent excess impact being 
applied to the car. 

Further, it is possible that a car has a detection section for 
detecting the step or the projections and depressions, 

wherein the feet are made to contact the ground, according 
to an output from the detection section. 

In this case, it is possible to prevent excess impact being 
applied to the car, even if information regarding steps and 
projections and depressions is not provided in advance. 

Further, it is possible that the car runs by rotating the wheel, 
in the state an object is held by the finger part provided to the 
foot. 

In this case, it is possible to carry the object appropriately. 
Further, it is possible that the car runs by rotating the wheel, 

and walks by making the feet alternately contact the ground 
by bending and extending the joint portions, in the state an 
object is held by the hand. 

In this case, it is possible to carry the object appropriately. 
Further, it is possible that the car is a monocyclic passenger 

car that a person can ride in. 
In this case, it is possible to realize a monocyclic passenger 

car that is convenient. 
Further, it is possible to realize a car having a rotatable 

wheel, the car being able to run by rotating the wheel, the car 
including: 

a leg used by the car for walking; 
a rotatable flywheel with an axial direction of a rotation 

axis that is along an axial direction of a rotation axis of the 
wheel; and 

a control moment gyro for stabilizing an attitude of the car, 
wherein the number of the wheel is one, 
having at least two legs, 
wherein the leg includes a foot and a plurality of joint 

portions, 
wherein the car walks by making the feet alternately con 

tact the ground by bending and extending the joint portions, 
wherein the foot includes a finger part that can hold an 

object, 
wherein the car runs by rotating the wheel, in a state that the 

legs are folded by bending the joint portions, 
wherein the car walks by making the feet alternately con 

tact the groundby bending and extending the joint portions, in 
the state that the wheel is not contacting the ground, 
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wherein the car Switches between a running movement by 
the wheel and a walking movement by the legs, according to 
the state of the ground, 

including a detection section for detecting the State of the 
ground, 

wherein the car Switches between the running movement 
by the wheel and the walking movement by the legs, accord 
ing to an output from the detection section, 

wherein, in the case where there is a step or projections and 
depressions on the ground during the running movement by 
the wheel, the feet are made to contact the ground when 
passing the step or the projections and depressions, 

having a detection section for detecting the step or the 
projections and depressions, 

wherein the feet are made to contact the ground, according 
to an output from the detection section, 

wherein the car runs by rotating the wheel, in the state an 
object is held by the finger part provided to the foot, 

wherein the car is a monocyclic passenger car that a person 
can ride in. 
(3) 
A walking apparatus that can walk including: 
a leg used for walking of the walking apparatus; and 
an attitude stabilization section for stabilizing an attitude of 

the walking apparatus. 
Thus, it is possible to realize a walking apparatus that can 

stably perform various movements. 
Further it is possible that the attitude stabilization section is 

a control moment gyro. 
Thus, it is possible to appropriately stabilize the attitude of 

the walking apparatus, even in the case where a large external 
force that changes the attitude is applied to the walking appa 
ratuS. 

Further it is possible that a walking apparatus has a plural 
ity of the control moment gyros, 

wherein the control moment gyro includes a rotatable fly 
wheel, 

wherein the axial direction of the rotation axis of the fly 
wheels provided to each of the control moment gyros are 
different to each other. 

Further it is possible that a walking apparatus has at least 
two legs, 

wherein the leg includes a foot and a plurality of joint 
portions, 

wherein the walking apparatus walks by making the feet 
alternately contact the ground by bending and extending the 
joint portions. 

In this case, it is possible to appropriately perform a walk 
ing movement. 

Further it is possible that a walking apparatus includes: 
a hand that can hold an object; and 
an arm that is connected to the hand. 
In this case, the variation of movements of the walking 

apparatus further increases. 
Further it is possible that the walking apparatus walks by 

making the feet alternately contact the ground by bending and 
extending the joint portions, in the state an object is held by 
the hand. 

In this case, it is possible to appropriately carry the object. 
Furtherit is possible to realize a walking apparatus, includ 

ing: 
a leg used for walking of the walking apparatus; and 
an attitude stabilization section for stabilizing an attitude of 

the walking apparatus, 
wherein the attitude stabilization section is a control 

moment gyro, 
having a plurality of the control moment gyros, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
wherein the control moment gyro includes a rotatable fly 

wheel, 
wherein the axial direction of the rotation axis of the fly 

wheels provided to each of the control moment gyros are 
different to each other, 

having at least two legs, 
wherein the leg includes a foot and a plurality of joint 

portions, 
wherein the walking apparatus walks by making the feet 

alternately contact the ground by bending and extending the 
joint portions, 

including a hand that can hold an object, and an arm that is 
connected to the hand, 

wherein the walking apparatus walks by making the feet 
alternately contact the ground by bending and extending the 
joint portions, in the state an object is held by the hand. 
(4) 
A car having a wheel that is rotatable about a rotation axis 

including, an attitude control mechanism for controlling an 
attitude of the car, wherein the wheel has a contacting portion 
that can contact a ground while the car is moving, and that is 
located lower than the rotation axis, 

wherein when animaginary plane that includes the rotation 
axis and in which the normal direction is a horizontal direc 
tion is a first imaginary plane, an intersection line of the 
contacting portion and the first imaginary plane is a curved 
line, wherein among the points on the curved line are included 
a first point that satisfies a following first condition and a 
second point that satisfies a following second condition, 

wherein in the first condition, a second imaginary plane 
includes the first point and is perpendicular to the first imagi 
nary plane, the second imaginary plane in which the normal 
direction of the second imaginary plane is a tangential direc 
tion of the curved line at the first point, being located lower 
than the center of gravity of the car, and 

wherein in the second condition, a third imaginary plane 
includes the second point and is perpendicular to the first 
imaginary plane, the third imaginary plane in which the nor 
mal direction of the third imaginary plane is a tangential 
direction of the curved line at the second point, being located 
upper than the center of gravity of the car. 
On the other hand, a car having a wheel that is rotatable 

about a rotation axis including, an attitude control mechanism 
for controlling an attitude of the car, wherein the wheel has a 
contacting portion that can contact a ground while the car is 
moving, and that is located lower than the rotation axis, 
wherein when an imaginary plane that includes the rotation 
axis and in which the normal direction is a horizontal direc 
tion is a first imaginary plane, an intersection line of the 
contacting portion and the first imaginary plane has a straight 
line portion and a curved line portion, wherein among the 
points on the curved line portion is included a first point that 
satisfies the following first condition, and 

wherein in the first condition, a second imaginary plane 
includes the first point and is perpendicular to the first imagi 
nary plane, the second imaginary plane in which the normal 
direction of the second imaginary plane is a tangential direc 
tion of the curved line portion at the first point, being located 
lower than the center of gravity of the car. 

Thus, it is possible to realize a car that can easily change its 
attitude to an inclined State, and maintain the attitude in an 
appropriate state. 

Further, it is possible that both ends of the intersection line 
are adjacent to non-contacting portions that do not contact the 
ground while the car is moving, and that is provided on the 
wheel, wherein a center of the intersection line contacts the 
ground when the car is in an upright state, and wherein the 
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intersection line includes a first curved line portion in which 
all points on the line are the first points and a second curved 
line portion in which all points on the line are the second 
points. 
On the other hand, it is possible that both ends of the 

intersection line are adjacent to non-contacting portions that 
do not contact the ground while the car is moving, and that is 
provided on the wheel, wherein a center of the intersection 
line contacts the ground when the car is in an upright state, 
wherein the points on the curved line portion are all the first 
points. 

Further, the second curved line portion can be located at 
both end portions of the intersection line. 
On the other hand, the straight line portion can be located 

at both end portions of the intersection line. 
Thus, it is possible to prevent a car from falling down when 

a large external force is applied to the car. 
Further, the second curved line portion can be located at a 

center portion of the intersection line. 
On the other hand, the straight line portion can be located 

at a center portion of the intersection line. 
Thus, the attitude of the car in the upright state can be 

appropriately maintained. 
Further, the attitude control mechanism can be a control 

moment gyro. 
Thus, the attitude of the car can be more appropriately 

controlled by effectively exerting the attitude control ability 
of the control moment gyro. 

Further, the number of the wheel can be one. 
Thus, in the case where the number of the wheel is one, the 

attitude of the car is apt to become unstable, and the attitude 
of the car can be changed to the inclined state more easily. 

Further, it is possible to realize a car having a wheel that is 
rotatable about a rotation axis including, an attitude control 
mechanism for controlling an attitude of the car, wherein the 
wheel has a contacting portion that can contact a ground while 
the car is moving, and that is located lower than the rotation 
axis, when an imaginary plane that includes the rotation axis 
and in which the normal direction is a horizontal direction is 
a first imaginary plane, an intersection line of the contacting 
portion and the first imaginary plane is a curved line, among 
the points on the curved line are included a first point that 
satisfies a following first condition and a second point that 
satisfies a following second condition, both ends of the inter 
section line are adjacent to non-contacting portions that do 
not contact the ground while the car is moving, and that is 
provided on the wheel, a center of the intersection line con 
tacts the ground when the car is in an upright state, the 
intersection line includes a first curved line portion in which 
all points on the line are the first points and a second curved 
line portion in which all points on the line are the second 
points, the second curved line portion is located at a center 
portion of the intersection line, the attitude control mecha 
nism is a control moment gyro, the number of the wheel is 
One, 

in the first condition, a second imaginary plane includes the 
first point and is perpendicular to the first imaginary plane, the 
second imaginary plane in which the normal direction of the 
second imaginary plane is a tangential direction of the curved 
line at the first point, being located lower than the center of 
gravity of the car, and 

in the second condition, a third imaginary plane includes 
the second point and is perpendicular to the first imaginary 
plane, the third imaginary plane in which the normal direction 
of the third imaginary plane is a tangential direction of the 
curved line at the second point, being located upper than the 
center of gravity of the car. 
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12 
On the other hand, it is possible to realize a car having a 

wheel that is rotatable about a rotation axis including, an 
attitude control mechanism for controlling an attitude of the 
car, wherein the wheel has a contacting portion that can 
contact a ground while the car is moving, and that is located 
lower than the rotation axis, when an imaginary plane that 
includes the rotation axis and in which the normal direction is 
a horizontal direction is a first imaginary plane, an intersec 
tion line of the contacting portion and the first imaginary 
plane has a straight line portion and a curved line portion, 
among the points on the curved line portion is included a first 
point that satisfies the following first condition, and both ends 
of the intersection line are adjacent to non-contacting por 
tions that do not contact the ground while the car is moving, 
and that is provided on the wheel, a center of the intersection 
line contacts the ground when the car is in an upright state, the 
points on the curved line portion are all the first points, the 
straight line portion is located at both end portions of the 
intersection line, the straight line portion is located at a center 
portion of the intersection line, the attitude control mecha 
nism is a control moment gyro, and the number of the wheel 
is one, 

in the first condition, a second imaginary plane includes the 
first point and is perpendicular to the first imaginary plane, the 
second imaginary plane in which the normal direction of the 
second imaginary plane is a tangential direction of the curved 
line portion at the first point, being located lower than the 
center of gravity of the car. 

Thus, since almost all of the previously described effects 
can be achieved, the effect of the present invention can be 
achieved more effectively. 
(5) 
A method of determining a shape of a wheel of a car, the car 

having a car body, and the wheel that is rotatably provided to 
the car body; an attitude of the car being restorable to a 
non-inclined State from an inclined State in which the carbody 
and the wheel are inclined to the side, by control of an attitude 
control mechanism that controls the attitude in order to 
restore the attitude of the car; the method including: 

determining the attitude in which state is to be restored to 
the non-inclined State, in order to set an attitude restoring 
performance of the car; and 

determining the shape of the wheel, based on a result that 
has been determined and a parameter showing a control abil 
ity of the attitude control mechanism. 
By such method of determining the shape of the wheel, it is 

possible to provide the shape of the wheel so as to improve the 
performance of the car. 

Further, the number of the wheel provided to the car can be 
OC. 

Thus, the attitude of the car becomes more likely to be 
changed to the inclined State, and since the attitude of the car 
needs to be appropriately restored to the non-inclined State, 
effect of this invention becomes more significant. 

Further, the car can be provided with a control moment 
gyro having a flywheel that can rotate about its rotation axis, 
as an attitude control mechanism. 

Thus, the shape of the wheel can be appropriately deter 
mined, based on the control ability of the control moment 
gyro. 

Further, the rotation axis of the flywheel can be along the 
rotation axis of the wheel. 

Further, it is possible that an intersection line of a contact 
ing portion that can contact a ground while the car is moving, 
and that is provided to the wheel located on a lower side of the 
rotation axis of the wheel, and an imaginary plane in which a 
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normal direction is a horizontal direction, and that includes 
the rotation axis of the wheel, is an arc, 

wherein when determining the shape of the wheel, a radius 
of curvature of the arc is determined as the shape of the wheel. 

Further, it is possible that the car is provided with a rotation 
control mechanism that controls a rotation of the wheel in 
order to restore an attitude of the car from a tilted state in 
which the car body tilts in a front-to-rear direction, to a 
non-tilted State, 

wherein the method includes 
determining the attitude in which tilted state is to be 

restored to the non-tilted state, in order to set the attitude 
restoring performance of the car, and 

determining an external diameter of the wheel as the shape 
of the wheel, based on a result that is determined and a 
parameter showing a control ability of the rotation con 
trol mechanism. 

Thus, the tilted state attitude can be appropriately restored 
to the non-tilted state. 

Further, when determining the attitude in which state is to 
be restored to the non-inclined state, the attitude in which 
inclined state and in which tilted state is to be restored can be 
determined. 

Thus, which inclined state attitude and the tilted state atti 
tude is to be restored becomes clear, and since it is possible to 
consider the effect of a rotation moment which is generated 
when the attitude of the car is in the inclined state and in the 
tilted state, the shape of the wheel can be determined more 
appropriately. 

Further, the parameter showing the control ability of the 
attitude control mechanism can include a maximum number 
of rotations of the flywheel, a diameter of the flywheel, and a 
maximum output of a gimbal motor that controls a rotation of 
a rotatable gimbal that holds the flywheel. 

Further, wherein the rotation control mechanism can be a 
driving motor for rotating the wheel, and the parameter show 
ing the control ability of the rotation control mechanism can 
include the maximum output of the driving motor. 

In addition, a method of determining a shape of a wheel of 
a car, the car having a carbody, and the wheel that is rotatably 
provided to the car body; an attitude of the car being restor 
able to a non-inclined state from an inclined state in which the 
car body and the wheel are inclined to the side, by control of 
an attitude control mechanism that controls the attitude in 
order to restore the attitude of the car; the method including: 

determining the attitude in which state is to be restored to 
the non-inclined State, in order to set an attitude restoring 
performance of the car; and 

determining the shape of the wheel, based on a result that 
has been determined and a parameter showing a control abil 
ity of the attitude control mechanism, 

wherein the number of the wheel provided to the car is one, 
wherein the car is provided with a control moment gyro 

having a flywheel that can rotate about its rotation axis, as an 
attitude control mechanism, 

wherein the rotation axis of the flywheel is along the rota 
tion axis of the wheel, 

wherein an intersection line of a contacting portion that can 
contact a ground while the car is moving, and that is provided 
to the wheel located on a lower side of the rotation axis of the 
wheel, and an imaginary plane in which a normal direction is 
a horizontal direction, and that includes the rotation axis of 
the wheel, is an arc, 

wherein when determining the shape of the wheel, a radius 
of curvature of the arc is determined as the shape of the wheel, 

wherein the car is provided with a rotation control mecha 
nism that controls a rotation of the wheel in order to restorean 
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14 
attitude of the car from a tilted state in which the car body tilts 
in a front-to-rear direction, to a non-tilted State, 

wherein the method includes 
determining the attitude in which tilted state is to be 

restored to the non-tilted state, in order to set the attitude 
restoring performance of the car, and 

determining an external diameter of the wheel as the shape 
of the wheel, based on a result that is determined and a 
parameter showing a control ability of the rotation con 
trol mechanism, 

wherein when determining the attitude in which state is to 
be restored to the non-inclined state, the attitude in which 
inclined state and in which tilted state is to be restored is 
determined, 

wherein the parameter showing the control ability of the 
attitude control mechanism includes a maximum number of 
rotations of the flywheel, a diameter of the flywheel, and a 
maximum output of a gimbal motor that controls a rotation of 
a rotatable gimbal that holds the flywheel, 

wherein the rotation control mechanism is a driving motor 
for rotating the wheel, and 

the parameter showing the control ability of the rotation 
control mechanism includes the maximum output of the driv 
ing motor. 

Since all of the previously described effects can be 
achieved by such method, the object of the present invention 
can be achieved more effectively. 
(1) (2) (3) 
Example of Configuration of a Car 

First, an outline of an example of a configuration of a car as 
an example of a walking apparatus according to this embodi 
ment is described by using FIG. 1 and FIG. 2. Furthermore, in 
this embodiment, a monocycle 2 with one wheel is described 
as an example of a car. FIG. 1 is a schematic diagram showing 
an external configuration of the monocycle 2. FIG. 2 is a 
schematic diagram showing the main structural elements of 
the monocycle 2. 

Furthermore, coordinate axes are shown in FIG. 1 and FIG. 
2. In here, for example, a moving direction of the monocycle 
2 (for example, the running direction) is the X axis, the axial 
direction of a rotation axis 8a of a wheel 8 of the monocycle 
2 is the Y axis, and the direction from a contact portion 8b 
toward a center position 8c of the wheel 8 is the Z axis. 
The monocycle 2 has a car body 4, the wheel 8, two legs 10, 

a control moment gyro 30 (hereinafter, also referred to as 
CMG which is an abbreviation) as an example of an attitude 
stabilization section, and a sensor 40 as an example of a 
detection section. 
The car body 4 is a body of the monocycle 2 and the car 

body 4 contains inside a part of the wheel 8, a CMG30 and the 
like. On the other hand, the legs 10 are provided on the outside 
of the car body 4. 
The wheel 8 is configured so that the wheel can rotate 

around the rotation axis 8a, and the monocycle 2 runs by the 
rotation of the wheel 8. Furthermore, the monocycle 2 is 
provided with a motor (not shown) and a driving force trans 
fer section (not shown) such as a gear or a belt that is already 
known for transferring the driving force of the motor to the 
wheel 8, as a mechanism to rotate the wheel 8. 
The leg 10 is for making the monocycle 2 walk and is 

provided with a foot 13, three joint portions, namely, a first 
joint portion 14, a second joint portion 16, and a third joint 
portion 18, and three bone portions, namely, a first bone 
portion 22, a second bone portion 24, and a third bone portion 
26. 
The first joint portion 14 is a portion that corresponds to a 

hipjointina human leg and the body of the monocycle and the 
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first bone portion 22 are connected via the first joint portion 
14. The first joint portion 14 is configured so that it can turn 
around the X axis, the Y axis and the Z axis (these axes are 
shown in the first joint portion 14 shown in FIG. 2). On 
account of this, it is possible to change the direction of the first 
bone portion 22. The first bone portion 22 is connected to the 
body of the monocycle via the first joint portion 14 at its one 
end, on the other hand its other end is connected to the second 
bone portion 24 via the second joint portion 16. 

The secondjoint portion 16 is a portion that corresponds to 
a knee in a human leg, and the first bone portion 22 and the 
second bone portion 24 are connected via the second joint 
portion 16. The second joint portion 16 is configured so that 
it can turn about the Y axis (this axis is shown in the second 
joint portion 16 shown in FIG. 2). On account of this, it is 
possible to change the direction of the second bone portion 
24. The second bone portion 24 is connected to the first bone 
portion 22 via the second joint portion 16 at its one end, and 
on the other hand is connected to the third bone portion 26 via 
the third joint portion 18 at its other end. 

The third joint portion 18 is a portion that corresponds to an 
ankle in a human leg, and the second bone portion 24 and the 
third bone portion 26 are connected via the third joint portion 
18. The third joint portion 18 is configured so that it can turn 
about the X axis and the Y axis (these axes are shown in the 
third joint portion 18 shown in FIG. 2). On account of this, it 
is possible to change the direction of the third bone portion 
26. The third bone portion 26 is connected to the second bone 
portion 24 via the third joint portion 18 at its one end, and on 
the other hand is connected to the foot 13 at its other end. 

The foot 13 is a portion that contacts the ground when the 
monocycle 2 walks. That is to say, the monocycle 2 walks by 
making the feet 13 alternately contact the ground by bending 
and extending the above-mentioned joints portions 14, 16 and 
18. In addition, the foot 13 has a finger part 13a, and the finger 
part 13a is configured so that it can hold an object. 

Furthermore, the monocycle 2 is provided with a motor 
(not shown) for controlling the angle of bend of the above 
mentioned joint portions 14, 16 and 18 and operating the 
finger part 13a, and a driving force transfer section (not 
shown) such as a gear or a belt which is already known for 
transferring the driving force of the motor to the joint portions 
14, 16, 18 and so on. 
The CMG 30 has a function of stabilizing an attitude of the 

monocycle 2. The CMG 30 is provided with a rotatable fly 
wheel32 and a rotatable gimbal 34 that holds the flywheel32. 
The axial direction of a rotation axis 32a of the flywheel32 is 
along a direction from the contacting portion 8b toward the 
center portion 8c of the wheel 8, that is, the Z axis, and the 
axial direction of a rotation axis 34a of the gimbal 34 is along 
the axial direction of the rotation axis 8a of the wheel 8, that 
is, the Y axis. 
The CMG 30 stabilizes the attitude of the monocycle 2 by 

the flywheel32 rotating at high speed. That is, the monocycle 
2 can maintain its attitude because the flywheel32 provided to 
the CMG 30 is rotating at high speed inside, even if an 
external force of a certain magnitude is applied to the mono 
cycle 2. 

Further, the CMG 30 stabilizes the attitude of the mono 
cycle 2 even if a large external force that makes the attitude of 
the monocycle 2 change is applied. 

For example, in the case where an external force that makes 
the monocycle 2 rotate about the X axis (in other words, 
makes the monocycle 2 tilt to the ground) is applied and the 
attitude of the monocycle 2 changes, the monocycle 2 detects 
this attitude change and rotates the gimbal 34, that holds the 
wheel 32, about the rotation axis 34a, in a state that the 
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flywheel32 is rotating at high speed. Thus, a force that makes 
the monocycle 2 rotate about the X axis is generated, and the 
monocycle 2 is made to return to the desired position. 

In addition, in the case where an external force that makes 
the monocycle 2 rotate about the Z axis is applied and the 
attitude of the monocycle 2 changes, the monocycle 2 detects 
this attitude change and changes the speed of the flywheel32. 
By such action due to the flywheel 32 increasing or decreas 
ing in speed, a force that makes the monocycle 2 rotate about 
the Z axis is generated, and the monocycle 2 is made to return 
to the desired position. 

In addition, in the case where an external force that makes 
the monocycle 2 rotate about the Y axis is applied and the 
attitude of the monocycle 2 changes, the monocycle 2 detects 
this attitude change and changes the rotation speed of the 
wheel 8 of the monocycle 2 that is running. By such function 
of the wheel 8 increasing or decreasing in speed, a force that 
makes the monocycle 2 rotate about the Y axis is generated, 
and the monocycle 2 is made to return to the desired position. 
Thus, in this embodiment, in the case where an external force 
that makes the monocycle 2 rotate about the Y axis is applied 
and the attitude of the monocycle 2 changes, the monocycle 2 
is made to return to the desired attitude without using the 
function of the CMG 30, however, it is not limited to such. For 
example, by providing a plurality of the CMG 30 each with 
the axial directions of the rotation axis 32a of the flywheel 32 
that are different to each other, it is possible to make the 
monocycle 2 return to the desired attitude using the CMG 30. 
even in the case the attitude of the monocycle 2 changes 
because an external force that makes the monocycle 2 rotate 
about the Y axis is applied. 
Note that, the monocycle 2 is provided with an attitude 

sensor (not shown) such as an attitude gyro, and detects 
above-mentioned attitude change by the attitude sensor. In 
addition, as shown in FIG. 1, the monocycle 2 is provided 
with a sensor 40 that is different to the attitude sensor. The 
sensor 40 has a function for detecting a state of the ground, for 
example, whether the state of the ground is good or bad 
(whether the ground is level or not) or whether there are steps 
or projections and depressions on the ground. 

Further, the monocycle 2 is provided with a controller (not 
shown). The controller is provided with a CPU, a RAM, a 
ROM, and the like, and the controller controls the wheel 8, the 
legs 10, the CMG30, and the like according to an output from 
the attitude sensor or the sensor 40 and the like. 
Movement Example of the Monocycle 2 
As mentioned above, the monocycle 2 according to this 

embodiment is provided with the wheel 8 and the legs 10 and 
can perform a running movement by the wheel 8 and a walk 
ing movement by the legs 10. Further, by combining the 
movement of the wheel 8 and the movement of the legs 10, the 
monocycle 2 performs various movements. 

Hereinafter, an example of the movement of the monocycle 
2 is described using FIG. 3A to FIG. 8D. FIGS. 3A to 3J are 
state transition diagrams for explaining the example of 
Switching between a running movement and a walking move 
ment in the case the ground is made level and in the case the 
ground is not made level. FIGS. 4A to 4J are state transition 
diagrams for explaining the example of Switching between 
the running movement and the walking movement in the case 
where there are stairs and in the case where there are no stairs. 
FIGS. 5A to 5G are state transition diagrams for explaining 
the movement of the monocycle 2 in the case there is an 
ascending step on the ground. FIGS. 6A to 6G are state 
transition diagrams for explaining the movement of the 
monocycle 2 in the case there is a descending step on the 
ground. FIGS. 7A to 7G are state transition diagrams for 
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explaining the movement of the monocycle 2 in the case there 
is a curb on the ground. FIGS. 8A to 8D are state transition 
diagrams for explaining the movement of the monocycle 2 in 
the case there is an object to be carried on the ground. 

Further, in these diagrams, for explicitly showing the run 
ning movement by the wheel 8 and the walking movement by 
the legs 10 of the monocycle 2, only the wheel 8 and the legs 
10 are schematically shown, and the car body 4, the CMG 30 
and the like are omitted. 
Movement of the Monocycle 2 that Successively Executes 
Running Forward and Walking Forward 

First, the case where the monocycle 2 performs forward 
running and forward walking Successively is described by 
using FIGS. 3A to 3.J and FIGS. 4A to 4.J. The monocycle 2 of 
this embodiment is able to switch between the running move 
ment by the wheel 8 and the walking movement by the legs 10 
according to the state of the ground. As an example where the 
monocycle 2 performs the forward running and the forward 
walking Successively, an example of Switching between the 
running movement and the walking movement in the case the 
ground is made level and in the case the ground is not made 
level, and an example of Switching between the running 
movement and the walking movement in the case there is a 
step and in the case there is no step are described below. 

First, an example of Switching between the running move 
ment and the walking movement in the case the ground is 
made level and in the case the ground is not made level is 
described by using FIGS. 3A to 3.J. Furthermore, it is assumed 
that the monocycle 2 of this embodiment is provided, in 
advance, with the information regarding whether the ground 
is made level or is not made level. 

In the first condition A1, it is assumed that the monocycle 
2 is running forward in a direction of an arrow on the level 
ground that is made level (hereafter, it is simply referred to as 
a level ground). In other words, the wheel 8 rotates in a state 
that it is contacting the ground, and the running movement is 
performed by the wheel 8. Furthermore, in the condition A1, 
the monocycle 2 is running in a state with the legs 10 folded 
by bending the joint portions. 

Next, the monocycle 2 starts preparing for next movement 
(namely, the walking movement) while performing the run 
ning movement by the wheel 8 when a distance from the 
monocycle 2 to a ground that is not made level (hereafter, it is 
simply referred to as an unlevel ground) is within a predeter 
mined distance (state A1->state A2->state A3). Namely, the 
monocycle 2 releases the state that the legs 10 are folded in 
order to make the feet 13 contact the ground. 

After that, the monocycle 2 makes the feet 13 contact the 
ground, and on the other hand stops the rotation of the wheel 
8 as the wheel 8 is separated from the ground (state A3->state 
A4). Thus, the preparation for the walking movement is com 
pleted. 

Next, the monocycle 2 walks forward in the direction of the 
arrow on the unlevel ground (state A4->state A5->state 
A6->State A7). Namely, the monocycle 2 performs walking 
by making the feet 13 alternately contact the ground by bend 
ing and extending the joint portions, in the state that the wheel 
8 is not contacting the ground. 

Next, the monocycle 2 switches from the walking move 
ment to the running movement (state A7->state A8) when the 
monocycle 2 approaches the level land. Namely, the mono 
cycle 2 makes the wheel 8 contact the ground by bending the 
joint portions, in the state that the feet 13 are contacting the 
ground. Then, the feet 13 are separated from the ground, and 
the wheel 8 is rotated. 

Then, the monocycle 2 runs forward in the direction of the 
arrow on the level ground (state A8). Furthermore, the mono 
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cycle 2 folds the legs 10 while performing the running move 
ment (state A8->state A9->state A10), and eventually per 
forms the running movement by the wheel 8 in the state that 
the legs 10 are folded (state A10). 

Next, an example of switching between the running move 
ment and the walking movement in the case there are stairs 
and in the case there are no stairs is described by using FIGS. 
4A to 4.J. Furthermore, it is assumed that the monocycle 2 
according to this embodiment is provided with the informa 
tion regarding a position and heights of the stairs beforehand. 

In the first state B1, it is assumed that the monocycle 2 is 
running forward on the ground in the direction of the arrow. In 
other words, the wheel 8 rotates in a state contacting the 
ground, and the running movement by the wheel 8 is per 
formed. Furthermore, in the condition B1, the monocycle 2 is 
running in a state that the legs 10 are folded by bending the 
joint portions. 

Next, the monocycle 2 starts preparing for a next move 
ment (namely, the walking movement) while performing the 
running movement by the wheel 8 when a distance from the 
monocycle 2 to the stairs is within a predetermined distance 
(state B1->state B2->state B3). Namely, the monocycle 2 
releases the state that the legs 10 are folded in order to make 
the feet 13 contact the ground. 

After that, the monocycle 2 makes the feet 13 touch the 
ground, and on the other hand stops the rotation of the wheel 
8 as the wheel 8 is separated from the ground (state B3->state 
B4). Thus, the preparation for the walking movement is com 
pleted. 

Next, the monocycle 2 climbs up the stairs by performing 
the walking movement (state B4->state B5->state B6->State 
B7). Namely, the monocycle 2 climbs up the stairs by making 
the feet 13 alternately contact the stairs by bending and 
extending the joint portions, in a state that the wheel 8 is not 
contacting the ground. 

Next, the monocycle 2 switches from the walking move 
ment to the running movement when the monocycle 2 finishes 
going up the stairs (state B7->state B8). Namely, the mono 
cycle 2 makes the wheel 8 contact the ground by bending the 
joint portions in a state that the feet 13 are contacting the 
ground. Then, the feet 13 are separated from the ground and 
the wheel 8 is rotated. 

Then, the monocycle 2 runs forward on the ground in the 
direction of the arrow (state B8). Furthermore, the monocycle 
2 folds the legs 10 while performing the running movement 
(state B8->state B9->state B10) and eventually performs the 
running movement by the wheel 8 in the state that the legs 10 
are folded (state B10). 
As mentioned above, the monocycle 2 is able to switch 

between the running movement by the wheel 8 and the walk 
ing movement by the legs 10 according to the state of the 
ground. Namely, in the case that the ground is in a state that 
both the running movement and the walking movement can 
be performed, the monocycle 2 places emphasize on the mov 
ing speed and performs the running movement, and in the 
case the ground condition is in a state that it is difficult to 
perform the running movement, performs the walking move 
ment. Thus, the monocycle 2 can move efficiently. 

Furthermore, in the above description, it is assumed that 
the monocycle 2 is provided with information regarding the 
state of the ground (whether the ground is level or unlevel, 
whether there are stairs or not) beforehand, and switches 
between the running movement and the walking movement 
based on the relevant information, however, it is not limited to 
such. For example, it is possible that the sensor 40 detects the 
state of the ground, and the monocycle 2 Switches between 
the running movement and the walking movement according 
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to the output from the sensor 40. In this case, the monocycle 
2 can move efficiently even if information regarding the 
ground condition is not provided to the monocycle 2 before 
hand. 

Furthermore, in the above description, there is described 
the case when there are ascending stairs, however the mono 
cycle 2 can perform the walking movement when there are 
stairs and the running movement when there are no stairs, 
even in the case there are descending stairs. 
Movement of the Monocycle 2 in the Case where there is a 
Step in the Ground 

Next, the movement of the monocycle 2 in the case where 
there is a step in the ground is described. In the case where 
there is a step in the ground while running by the wheel 8, the 
monocycle 2 of this embodiment contacts ground with the 
feet 13 at the time of passing the step. Thus, it becomes 
possible to prevent the monocycle 2 from getting an impact. 
As for the example of the movement of the monocycle 2 when 
there is a step in the ground, the movement of the monocycle 
2 when there is an ascending step in the ground and the 
movement of the monocycle 2 when there is a descending step 
in the ground are described as below. First, the movement of 
the monocycle 2 when there is an ascending step in the ground 
is described by using FIG. 5. Furthermore, it is assumed that 
the monocycle 2 of this embodiment is provided with infor 
mation regarding the position or the height of the ascending 
step beforehand. 

In the first state C1, it is assumed that the monocycle 2 is 
running forward in the direction of the arrow on ground that 
is even, (hereafter, simply referred to as even ground). 
Namely, the wheel 8 rotates in a state contacting the ground, 
and the running movement is being performed by the wheel 8. 
Furthermore, in the state C1, the monocycle 2 is running in a 
state that the legs 10 are folded by bending the joint portions. 

Next, when the monocycle 2 approaches the ascending 
step, the monocycle 2 makes the feet 13 contact the ground 
while performing the running movement by the wheel 8 (state 
C1->state C2->state C3.) Namely, the monocycle 2 makes 
the feet 13 touch the ground by releasing the state that the legs 
10 are folded. 

After that, the monocycle 2 separates the wheel 8 from the 
ground by lifting the car body 4 by the legs 10, in a state that 
the feet 13 are contacting the ground (state C3->state C4. 
Furthermore, the wheel 8 keeps on rotating at this time). 

Next, at the time the wheel 8 passes through the ascending 
step, the monocycle 2 makes the wheel 8 contact the ground 
(state C4->state C5). Namely, the monocycle 2 makes the 
wheel 8 contact the ground by bending the joint portions, in a 
state that the feet 13 are contacting the ground. 

Then, the monocycle 2 separates the feet 13 from the 
ground and continues the running movement (state C5->State 
C6). Furthermore, the monocycle 2 folds the legs 10 while 
performing the running movement (state C6->State C7), and 
eventually performs the running movement by the wheel 8 in 
a state that the legs 10 are folded (state C7). 
As described above, the monocycle 2 makes the feet 13 

contact the ground when passing the ascending step. Thus, it 
is possible to avoid collision with the ascending step, and it is 
possible to prevent the monocycle 2 from having excessive 
impact. 

Next, the movement of the monocycle 2 when there is a 
descending step in the ground is described by using FIG. 6. 
Furthermore, it is assumed that the monocycle 2 of this 
embodiment is provided with the information regarding the 
position or the height of the descending step beforehand. 

In the first state D1, it is assumed that the monocycle 2 is 
running forward in the direction of an arrow on the even 
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ground. Namely, the wheel 8 rotates in a state contacting the 
ground, and the running movement by the wheel 8 is being 
performed. Furthermore, in the state D1, the monocycle 2 is 
running in a state with the legs 10 folded by bending the joint 
portions. 

Next, when the monocycle 2 approaches the descending 
step, the monocycle 2 releases the state that the legs 10 are 
folded in order to make the feet 13 contact the ground, while 
performing the running movement by the wheel 8 (state 
D1->state D2->state D3.) 
The monocycle 2 falls at the time of passing the descending 

step, but at this time, the monocycle 2 makes the feet 13 
contact the ground before the wheel 8 (state D3->state D4). 
Furthermore, the monocycle 2 makes the wheel 8 contact the 
ground by bending the joint portions in a state that the feet 13 
are contacting the ground (state D4->state D5). 

Then, the monocycle 2 separates the feet 13 from the 
ground, and continues the running movement (state 
D5->state D6). Furthermore, the monocycle 2 folds the legs 
10 while performing the running movement (state D6->State 
D7), and eventually performs the running movement by the 
wheel 8 in a state that the legs 10 are folded (state D7). 
As described above, the monocycle 2 makes the feet 13 

contact the ground when passing the descending step. Thus, it 
becomes possible to prevent the monocycle 2 from having 
excessive impact when the monocycle 2 passes the descend 
ing step and falls on the ground. 

Furthermore, in the above description, it is assumed that 
the monocycle 2 is provided with information regarding the 
position or the heights of the step beforehand, and the feet 13 
are made to contact the ground based on the relevant infor 
mation, however, it is not limited as such. For example, it is 
possible that the sensor 40 detects the position or the heights 
of the step, and the feet 13 are made to contact the ground 
according to the output from the sensor 40. In Such a case, it 
becomes possible to prevent the monocycle 2 from having 
excessive impact even if the information regarding the posi 
tion or the heights of the step is not provided beforehand. 
Movement of Monocycle 2 in the Case where there are Pro 
jections and Depressions in the Ground 

Next, the movement of the monocycle 2 in the case there 
are projections and depressions on the ground is described. 
The monocycle 2 according to this embodiment makes the 
feet 13 contact the ground when passing the projections and 
depressions, in the case there are projections and depressions 
on the ground when the monocycle 2 is running by the wheel 
8. Thus, it becomes possible to prevent the monocycle 2 from 
having an impact. 

Hereinbelow, as for an example of the movement of the 
monocycle 2 in the case there are projections and depressions 
on the ground, the movement of the monocycle 2 in the case 
there is a curb on the ground is described by using FIGS. 7A 
to 7G. Furthermore, it is assumed that the monocycle 2 of this 
embodiment is provided with the information regarding the 
position or the height of the curb beforehand. 

In the first state E1, it is assumed that the monocycle 2 is 
running forward in the direction of the arrow on the even 
surface. Namely, the wheel 8 rotates in a state contacting the 
ground and the running movement is being preformed by the 
wheel 8. Furthermore, in the state E1, the monocycle 2 is 
running in a state that the legs 10 are folded by bending the 
joint portions. 

Next, when the monocycle 2 approaches the curb, the 
monocycle 2 makes the feet 13 touch the ground, while per 
forming the running movement by the wheel 8 (state 
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E1->state E2->state E3.) Namely, the monocycle 2 makes the 
feet 13 contact the ground by releasing the State that the legs 
10 are folded. 

After that, the monocycle 2 separates the wheel 8 from the 
ground by lifting the car body 4 with the legs 10, in the state 
that the feet 13 are contacting the ground (state E3->state E4. 
Furthermore, the wheel 8 keeps on rotating at that time). 

Next, at the time the wheel 8 passes the curb, the mono 
cycle 2 makes the wheel 8 contact the ground (state E4->state 
E5). Namely, the monocycle 2 makes the wheel 8 contact the 
ground by bending the joint portions in a state that the feet 13 
are contacting the ground. 

Then, the monocycle 2 separates the feet 13 from the 
ground, and continues the running movement (state 
E5->state E6). Furthermore, the monocycle 2 folds the legs 
10 while performing the running movement (state E6->State 
E7), and eventually performs the running movement by the 
wheel 8 in a state that the legs 10 are folded (state E7). 
As described above, the monocycle 2 makes the feet 13 

contact the ground when passing the curb. Thus, it is possible 
to avoid contacting the curb, and it is possible to prevent the 
monocycle 2 from having excessive impact. 

Furthermore, in the above description, it is assumed that 
the monocycle 2 is provided with the information regarding 
the position or the heights of the curb beforehand, and the feet 
13 are made to contact the ground according to the relevant 
information, however, it is not limited as such. For example, 
it is possible that the sensor 40 detects the position or the 
heights of the curb, and the monocycle 2 makes the feet 13 
contact the ground according to the output from the sensor 40. 
In such a case, it becomes possible to prevent the monocycle 
2 from having excessive impact, even if the information 
regarding the position or the heights of the curb is not pro 
vided beforehand. 

Furthermore, in the above description, the case where the 
projections and depressions is a curb (a projection) is 
described, however, for example, even in the case the projec 
tions and depressions is a recess (a depression) the monocycle 
2 can avoid contacting the recess by making the feet 13 
contact the ground when passing the recess. 
Movement of the Monocycle 2 in the Case where there is an 
Object to be Carried on the Ground 

Next, a movement of the monocycle 2 in the case there is an 
object to be carried on the ground is described. The mono 
cycle 2 of this embodiment can hold the object to be carried 
which is an example of an object by the finger parts 13a 
provided to the feet 13, and can perform the running move 
ment by the wheel 8 while holding the object to be carried. 
Hereafter, the movement of the monocycle 2 in the case there 
is an object to be carried on the ground is described using FIG. 
8. Furthermore, it is assumed that the monocycle 2 of this 
embodiment is provided with information regarding the posi 
tion or the size of the object to be carried beforehand. 

In the first state F1, it is assumed that the monocycle 2 is 
running forward in the direction of the arrow on the even 
surface. In other words, the wheel 8 rotates in a state that it is 
contacting the ground, and the running movement is per 
formed by the wheel 8. Furthermore, in the state F1, the 
monocycle 2 is running in a state with the legs 10 folded in by 
bending the joint portions. 

Next, when a distance from the monocycle 2 to the object 
to be carried is within a predetermined distance, the mono 
cycle 2 starts preparing for a next movement (namely, the 
movement of holding an object to be carried) while perform 
ing the running movement by the wheel 8 (state F1->state 
F2). Namely, in order to hold the object to be carried, the 
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monocycle 2 releases the state that the legs 10 are folded in, 
and slows down by reducing the rotation speed of the wheel 8. 

Next, when the monocycle 2 approaches the object to be 
carried, the monocycle 2 holds the object to be carried by the 
finger parts 13a which are provided to the feet 13 (state 
F2->state F3). Namely, the monocycle 2 holds the object to 
be carried by using the legs 10 as arms. 

After that, the monocycle 2 lifts the object to be carried, 
speeds up by increasing the rotation speed of the wheel 8, and 
continues the running movement while holding the object to 
be carried (state F3->state F4). 
As mentioned above, the monocycle 2 can hold the object 

to be carried by the finger parts 13a, and can perform the 
running movement by the wheel 8 while holding the object to 
be carried. Thus, it is possible for the monocycle 2 to carry the 
object to be carried appropriately. 

Furthermore, in the above description, it is assumed that 
the monocycle 2 is provided with information regarding the 
position or the height of the object to be carried beforehand, 
and holds the object to be carried according to the informa 
tion, however, it is not limited as such. For example, it is 
possible that the sensor 40 detects the position or the height of 
the object to be carried and the monocycle 2 holds the object 
to be carried according to the output from the sensor 40. 
A typical traditional car is provided with a rotatable wheel 

and runs in a predetermined traveling direction by rotating the 
wheel. Such a car can make a turn by changing a direction of 
the wheel and can backup by rotating the wheel in an opposite 
direction, however, the diversity of those movements is lim 
ited. 
On the other hand, since the car of this embodiment is 

provided with the legs 10 for walking in addition to the wheel 
8, it is possible to perform various types of movements as 
described above by using the wheel 8 and the legs 10. 

Furthermore, when the car performs the various move 
ments as described above, a situation of which the altitude of 
the car becomes unstable is apt to occur, however, the car of 
this embodiment is provided with the CMG 30 as an attitude 
stabilization section, and for this reason, it is possible to 
perform the various movements as described above with sta 
bility. In other words, by providing the car with the CMG 30. 
the variation of the movements that can be performed without 
making the attitude of the car unstable can be expanded. 

Other Embodiments 

A car according to this invention is described as above, 
based on the above-mentioned embodiment, however, the 
foregoing embodiment is for the purpose of elucidating the 
present invention, and is not to be interpreted as limiting the 
present invention. The invention can of course be altered and 
improved without departing from the gist thereof, and 
includes its equivalents. 

Furthermore, in the embodiment, the CMG 30 is taken as 
an example of the attitude stabilization section and described, 
however, it is not limited as such. As the other attitude stabi 
lization section, a wheel that simply rotates at a certain speed 
(and in which rotation speed cannot be controlled) or a wheel 
(generally referred to as a reaction wheel and so on) in which 
the rotation speed can be controlled can be mentioned, and 
these can be provided to the car. 

However, the embodiment (namely, the CMG 30) is more 
preferable in the respect that the attitude of the car can be 
appropriately stabilized, even in the case where a large exter 
nal force, to the car, that makes the car change its attitude is 
applied to a car. 
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Furthermore, in the embodiment, it is assumed that the 
CMG 30 is provided with the rotatable flywheel32, and the 
axial direction of the rotation axis 32a of the flywheel 32 is 
along the direction from the contacting portion 8b toward the 
centerportion 8c of the wheel 8 (the Z axis), however, it is not 
limited as such. For example, it is possible that the axial 
direction of the rotation axis 32a of the flywheel 32 is along 
the movement direction of the car (the X axis), or the axial 
direction of the rotation axis 8a of the wheel 8 (the Y axis). 

Furthermore, in the embodiment, it is assumed that the 
number of the wheel 8 is one, however, it is not limited as 
such, and the number of the wheel 8 can be plural. Namely, in 
the embodiment, the monocycle 2 is described as an example 
of the car, however, it is not limited as such, for example, this 
invention can be applied to a two-wheeled vehicle, a three 
wheeled vehicle, a four-wheeled vehicle and so on. 

However, in the case the number of the wheel 8 is one, the 
attitude of the car is apt to become unstable comparing with 
the case in which the number of the wheel 8 is plural. There 
fore, in the case the number of the wheel 8 is one, the above 
mentioned effect of the CMG30, namely, the effect of making 
the car perform the various movements with stability is 
exerted more effectively, and in that respect, the above-men 
tioned embodiment is more efficient. 

In addition, the car can be the monocyclic passenger car 
that a human can ride in. 

In Such case, the monocyclic passenger car with great 
convenience is realized because the monocyclic passenger 
car can perform various movements. 

Furthermore, in the embodiment, it is assumed that the car 
includes two legs 10, and the legs 10 are provided with the feet 
13 and a plurality of the joint portions, performs walking by 
making the feet 13 alternately contact the ground by bending 
and extending the joint portions, however, it is not limited as 
Such. Namely, the legs 10 can have any structure as long as it 
includes the function of making the car walk. For example, 
the leg 10 does not always need to include a plurality of the 
joint portions. 

However, in the respect that the walking movement can be 
performed appropriately, the above-mentioned embodiment 
is more preferable. 

Furthermore, in the embodiment, it is assumed that the 
number of the legs 10 is two, however, it is not limited as such 
and the number can be three or more. 

Furthermore, in the embodiment, it is assumed that the foot 
13 has the finger part 13a which can hold an object, however, 
it is not limited as such. For example, it is possible that the 
foot 13 may not have the finger part 13a. 

However, in the respect that variation of the movement of 
the car (the aforementioned movement of carrying an object, 
the movement of removing an object that is an obstruction 
and so on) increases, the above-mentioned embodiment is 
more preferable. 

Furthermore, it can be assumed that the car includes a hand 
that can hold an object and an arm that is connected to the 
hand. For example, as described in FIG. 9, the leg 10 is not 
provided with the finger part for holding an object, and 
instead, a hand 50 that can hold an object and an arm 52 that 
is connected to the hand 50 can be included. 

In such case, since it is possible to operate the hand 50 that 
can hold an object separate from the movement of the leg 10. 
the variation of the movement of the car will increase much 
O. 

For example, it is possible to not only run by rotating the 
wheel 8 while holding an object by the hand 50, but it is also 
possible to walk by making the feet 13 alternately contact the 
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ground by bending and extending the joint portions in the 
state that the hand 50 is holding an object. 

Furthermore, in the embodiment, it is assumed that the car 
runs by making the wheel 8 rotate in a state that the legs 10 are 
folded by bending the joint portions, however, it is not limited 
as such. For example, it can be assumed that the car runs in a 
state that the legs 10 are not folded. 

However, in respect that the possibility of the legs 10 
hampering the running movement of the car decreases, the 
above-mentioned embodiment is more preferable. 

Furthermore, in the embodiment, it is assumed that the car 
walks by making the feet 13 alternately contact the ground by 
bending and extending the joint portions, in the state that the 
wheel 8 is not contacting the ground, however, it is not limited 
as Such. For example, the car can walk in the state that the 
wheel 8 is contacting the ground. 

However, in respect that the possibility of the wheel 8 
hampering the walking movement of the car decreases, the 
above-mentioned embodiment is more preferable. 

Furthermore, in the above description, as examples of the 
movement of the car, the movement of the monocycle 2 that 
Successively executes running forward and walking forward, 
the movement of the monocycle 2 in the case there is a step in 
the ground, the movement of the monocycle 2 in the case 
there are projections and depressions on the ground, and the 
movement of the monocycle 2 in the case there is an object to 
be carried on the ground are explained, however, the move 
ment of the car is not limited as such. 

For example, the car can change directions by rotating the 
gimbal 34 of the CMG 30 while running forward, and also can 
turn around on the spot by changing the rotation speed of the 
flywheel 32 when it stops. 
(4) 
Example of Configuration of a Car 

First, an outline of an example of a configuration of a car 
according to this embodiment is described by using FIG. 10 to 
FIG. 13. Furthermore, in this embodiment, a monocycle 1002 
with one wheel is described as an example of a car. FIG. 10 is 
a perspective view showing an external configuration of the 
monocycle 1002. FIG. 11 is a schematic diagram showing the 
side of mainstructural elements of the monocycle 1002. FIG. 
12 is a schematic cross-sectional view of the main structural 
elements of the monocycle 1002 shown in FIG. 11 cut at a 
cross-section A-A in FIG. 11. FIG. 13 is a perspective view of 
a wheel 1008. 

Furthermore, coordinate axes are shown in FIG. 10. Here, 
as one example, a movement direction of the monocycle 1002 
(for example, a running direction) is an X axis, an axial 
direction of a rotation axis 1008a of the wheel 1008 of the 
monocycle 1002 is a Y axis, and a vertical direction of the 
monocycle 1002 is a Z axis. Furthermore, in FIG. 11, the 
movement direction of the monocycle 1002 (namely, the X 
axis direction in FIG. 10) and the vertical direction of the 
monocycle 1002 (namely, the Z axis direction in FIG. 10) are 
shown by arrows. Furthermore, the axial direction of the 
rotation axis 1008a of the wheel 1008 of the monocycle 1002 
(namely, the Y axis direction in FIG. 10) and the vertical 
direction of the monocycle 1002 (namely, the Z axis direction 
in FIG. 10) are shown by arrows in FIG. 12. Furthermore, in 
FIG. 13, the axial direction of the rotation axis 1008a of the 
wheel 1008 is shown by an arrow. 

Furthermore, the monocycle 1002 with an attitude in the 
upright state is shown in FIG. 10 to FIG. 12. Note that, 
hereafter, the upright state refers to a state in which the axial 
direction of the rotation axis 1008a of the wheel 1008 and the 
axial direction of a rotation axis 1032a of a flywheel 1032 are 
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in a horizontal direction, and the axial direction of a rotation 
axis 1034a of a gimbal 1034 is in a vertical direction. 
As shown in FIG. 10, the monocycle 1002 has a car body 

1004, the wheel 1008, and a control moment gyro 1030 (here 
inafter, also referred to as CMG, which is an abbreviation) as 
an example of the attitude control mechanism. 
The car body 1004 is a metal structure and contains a part 

of the wheel 1008 inside and supports the wheel 1008 so that 
it can rotate. Furthermore, at an end portion of the car body 
1004, in a direction along the rotation axis 1008a of the wheel 
1008, a counterbalance 1009 is provided for adjusting the 
position of a center of gravity M of the monocycle 1002 (refer 
to FIG. 14). As described in FIG. 10, this counterbalance 1009 
is a ring-shaped metal weight. The counterbalance 1009 is 
attached to the car body 1004, with the center of the counter 
balance 1009 positioned above the rotation axis 1008a. Fur 
thermore, in this embodiment, it is assumed that the counter 
balance 1009 is provided at the end portion of the car body 
1004 in the direction along the rotation axis 1008a, however, 
it is not limited as such. For example, it is possible that the 
counterbalance 1009 is provided inside an inner pipe 1008b 
of the wheel 1008 which is described later. 
The wheel 1008 can rotate about the rotation axis 1008a, 

and the monocycle 1002 runs by the rotation of the wheel 
1008. As shown in FIG. 13, the wheel 1008 is provided with 
the metal inner pipe 1008b and a rubber portion 1008c that 
covers the outer peripheral surface of the inner pipe 1008b, at 
a center portion of the inner pipe 1008b in the axial direction 
(namely, the axial direction of the rotation axis 1008a of the 
wheel 1008). Furthermore, the length of the inner pipe 1008b. 
in the axial direction is longer than that of the rubber portion 
1008c in the axial direction, and both ends of the inner pipe 
1008b in the axial direction are supported by the car body 
1004, so that they can rotate about the rotation axis 1008a. On 
the other hand, as shown in FIG. 13, the rubber portion 1008c 
is in the shape of around barrel shape and has a larger external 
diameter than the inner pipe 1008b. The external diameter of 
the rubber portion 1008c becomes shorter from the center 
portion to the end portion in the axial direction. Furthermore, 
an internal motor 1060 is provided inside the inner pipe 1008b 
as a mechanism for rotating the wheel 1008. 
The wheel 1008 is provided with a contacting portion 

1008d that can contact the ground while the monocycle 1002 
is moving. As shown in FIG. 11, in this embodiment, the 
entire peripheral surface of the rubber portion 1008c is the 
contacting portion 1008d. Namely, as shown in FIG. 12, the 
contacting portion 1008d extends from one end portion to the 
other end portion in the axial direction of the peripheral 
surface of the rubber portion 1008c. The monocycle 1002 
runs by the wheel 1008 rotating in a state in which the con 
tacting portion 1008d is contacting the ground, and for 
example, when the wheel 1008 rotates in a rotation direction 
shown by symbol F in FIG. 11, the monocycle 1002 moves 
forward. Furthermore, the contacting portion 1008d has a first 
contacting portion 1008f as the contacting portion 1008d that 
is located lower than the rotation axis 1008a, and a second 
contacting portion 1008g as the contacting portion 1008d that 
is located upper than the rotation axis. Therefore, the first 
contacting portion 1008f is contacting the ground during the 
operation of the monocycle 1002. Furthermore, as a matter of 
course, a part corresponding to the first contacting portion 
1008f and a part corresponding to the second contacting por 
tion 1008g of the wheel 1008 changes according to the rota 
tion of the wheel 1008. 

Even in the case where the attitude of the monocycle 1002 
inclines so that it rotates about the X axis (so that it rotates in 
the direction shown by symbol R in FIG. 12), and the attitude 
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of the monocycle 1002 is in a state in which the one end 
portion or the other end portion of the first contacting portion 
1008f in the axial direction is contacting the ground, the 
attitude of the monocycle 1002 can be restored to the upright 
state by the attitude control ability of the CMG 1030, that is 
described later, being exerted. 
On the other hand, as shown in FIG. 12, non-contacting 

portions 1008e that do not contact the ground during the 
operation of the monocycle 1002 are provided on both end 
surfaces of the rubber portion 1008c in the axial direction. 
Then, the non-contacting portion 1008e is adjacent to the 
contacting portion 1008d. Namely, in the case where the 
attitude of the monocycle 1002 inclines more than a state in 
which the one end portion or the other end portion of the first 
contacting portion 1008f in the axial direction is contacting 
the ground, the attitude control ability of the CMG 1030 
cannot restore the attitude of the monocycle 1002 to the 
upright state. 

Furthermore, in this embodiment, it is assumed that the 
contacting portion 1008d is the entire peripheral surface of 
the rubber portion 1008c, however, it is not limited to such. 
The range of the contacting portion 1008d, namely, the posi 
tion of the boundary between the contacting portion 1008d 
and the non-contacting portion 1008e depends on the attitude 
control ability of the CMG 1030. For example, in the case 
where a CMG 1030 with lower attitude control ability than 
the CMG 1030 in this embodiment is provided to the mono 
cycle 1002, the range of the contacting portion 1008d 
becomes narrow, and the boundary between the contacting 
portion 1008d and the non-contacting portion 1008e is 
located at inner sides than both end portions in the axial 
direction of the peripheral surface of the rubber portion 
1008C. 

Here, in the case where an imaginary plane that includes 
the rotation axis 1008a of the wheel 1008, and in which the 
normal direction is a horizontal direction (namely, the move 
ment direction of the monocycle 1002 shown in FIG. 11) is a 
first imaginary plane (a plane that includes a line shown by 
symbol A and that is perpendicular to a paper Surface in FIG. 
11), a first intersection line 1100 as an intersection line of the 
first contacting portion 1008f and the first imaginary plane is 
a curved line as shown in FIG. 12. Furthermore, of course, a 
second intersection line 1110 as an intersection line of the 
second contacting portion 1008g and the first imaginary plane 
is also a curved line, and the first intersection line 1100 and 
the second intersection line 1110 are almost symmetric with 
respect to the rotation axis 1008a of the wheel. On the other 
hand, a third intersection line 1120 as an intersection line of 
the non-contacting portion 1008e and the first imaginary 
plane is a straight line. In addition, one end 1101 and the other 
end 1102 of the first intersection line 1100 are respectively 
adjacent to the third intersection line 1120, namely, the non 
contacting portion 1008e. In addition, a center 1103 of the 
first intersection line 1100 is at a position which contacts the 
ground when monocycle 1002 is in the upright state. Further 
more, the details of the shape of the first intersection line 1100 
are explained in the paragraph of “An example of a shape of 
the first intersection line 1100' which is described later. 
As shown in FIG. 10 and the like, the CMG 1030 is pro 

vided at the upper side of the car body 1004. The CMG 1030 
is provided with a wheel that rotates at high speed (referred to 
as a flywheel) 1032, a gimbal 1034 for holding the flywheel 
1032, a turn table 1036 for supporting the gimbal 1034 and 
that rotates about the rotation axis 1034a integrally with the 
gimbal 1034, and a gimbal motor 1038 for transferring a 
driving force to the turn table 1036 to make the gimbal 1034 
and the turn table 1036 rotate. Furthermore, the axial direc 
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tion of the rotation axis 1032a of the wheel 1032 is a direction 
that is along the axial direction of the rotation axis 1008a of 
the wheel 1008 (namely, the Y axis direction in FIG. 10), and 
the axial direction of the rotation axis 1034a of the gimbal 
1034 is a direction that intersects the rotation axis 1008a 
(namely, the Z axis direction in FIG. 10). In addition, the 
driving force for rotating the gimbal 1034 is transferred from 
the gimbal motor 1038 to the turntable 1036 by a belt pulley 
mechanism, and the gimbal 1034 rotates about the rotation 
axis 1034a integrally with the turn table 1036 by the driving 
force. However, the mechanism for transferring the driving 
force to the gimbal 1034 is not limited to such, and for 
example, a gear and the like can transfer the driving force. 
The CMG 1030 can control the attitude of the monocycle 

1002. For example, in the case where a large external force 
that makes the attitude of the monocycle 1002 change its 
attitude is applied to the monocycle 1002, and the attitude of 
the monocycle 1002 changes to the inclined state, the CMG 
1030 can restore the attitude of the monocycle 1002 from the 
inclined state to the upright state by the attitude controlability 
being exerted. 

For example, when an external force that rotates the mono 
cycle 1002 about the X axis is applied, the attitude of the 
monocycle 1002 changes to the state in which it is inclined so 
as to rotate in the direction shown by symbol R in FIG. 12. 
When this attitude change is detected, in order to restore the 
attitude of the monocycle 1002 to the upright state, the gimbal 
1034 that holds the flywheel 1032 rotates about the rotation 
axis 1034a integrally with the turn table 1036, in the state in 
which the flywheel 1032 is rotating at high speed. Thus, the 
axial direction of the rotation axis 1032a of the flywheel 1032 
changes, and by the so-called a gyro effect, the force that 
rotates the monocycle 1002 about the X axis (namely, the 
force that rotates the monocycle 1002 in an opposite direction 
to the direction that the monocycle 1002 has rotated by the 
external force) is generated, and the attitude of the monocycle 
1002 can be restored to the upright state by the relevant force. 

In addition, in the case where an external force that rotates 
the monocycle 1002 about the Z axis is applied, and the 
attitude of the monocycle 1002 has changed, the speed of the 
flywheel 1032 changes. By the action of the increase or the 
decrease in speed of the flywheel 1032, a force that makes the 
monocycle 1002 rotate about the Z axis is generated, and the 
attitude of the monocycle 1002 can be restored to the desired 
state (namely, the state before the monocycle 1002 rotates 
about the Z axis). 
On the other hand, in the case where an external force that 

makes the monocycle 1002 rotate about Y axis is applied, the 
attitude of the monocycle 1002 changes to the state in which 
it is inclined so as to rotate in the direction shown by symbol 
P in FIG. 11. When the attitude change is detected and the 
attitude of the monocycle 1002 is to be restored to the upright 
state, the rotation speed of the wheel 1008 changes. Namely, 
in this embodiment, the attitude of the monocycle 1002 in the 
state in which it is inclined so as to rotate about the Y axis, is 
restored to the upright state, not by the attitude control ability 
of the CMG 1030, but by the action of the increase or decrease 
in speed of the wheel 1008. By the change of the rotation 
speed of the wheel 1008, a force that rotates the monocycle 
1002 about the Y axis (namely, the force that rotates the 
monocycle 1002 in an opposite direction to the direction that 
the monocycle 1002 has rotated by the external force) is 
generated. Thus, the attitude of the monocycle 1002 can be 
restored from the inclined state to the upright state. Thus, in 
this embodiment, in the case where the external force that 
makes the monocycle 1002 rotate about the Y axis is applied 
and the attitude of the monocycle 1002 changes, the attitude 
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of the monocycle 1002 is restored to the upright state by 
changing the rotation amount of the wheel 1008. However, it 
is not limited to Such. For example, by providing a plurality of 
the CMG 1030 each with different axial directions of the 
rotation axis 1032a of the flywheel 1032, even in the case 
where the external force that makes the monocycle 1002 
rotate about the Y axis is applied, and the attitude of the 
monocycle 1002 changes, it is possible to restore the attitude 
of the monocycle 1002 to the upright state by using the 
attitude control ability of the CMG 1030. 

Note that, the monocycle 1002 is provided with an attitude 
sensor (not shown) such as an attitude gyro, and detects the 
above-mentioned attitude change by the attitude sensor. Fur 
ther, the monocycle 1002 is provided with a main controller 
(not shown). The main controller is provided with a CPU, a 
RAM, a ROM, and the like, and the main controller controls 
the wheel 1008, the CMG 1030, and the like according to an 
output from the attitude sensor. 
An Example of the First Intersection Line 

Next, an example of the first intersection line 1100 is 
described by using FIG. 14. 

FIG. 14 is a diagram for describing the shape of the first 
intersection line 1100 as the shape of the first contacting 
portion 1008f. In FIG. 14, there are shown the first intersec 
tion line 1100, the second intersection line 1110, the third 
intersection line 1120, and a center of gravity of the mono 
cycle 1002 (shown by symbol Min FIG. 14) when the attitude 
of the monocycle 1002 is in the upright state. In FIG. 14, the 
vertical direction of the monocycle 1002 and the axial direc 
tion of the rotation axis 1008a of the wheel 1008 are shown by 
arrows. For convenience of explanation, the descriptions of 
the car body 1004, the CMG 1030 and the like are omitted in 
FIG 14. 

Regarding the first intersection line 1100 in this embodi 
ment, when it is assumed that a line which passes through a 
center 1103 of the first intersection line 1100 and intersects 
the rotation axis 1008a of the wheel 1008 (namely, a line that 
correspond to the rotation axis 1034a of the gimbal 1034 in 
FIG. 12) is a center line, a shape of a portion at one end side 
(hereafter, referred to as one end side) in the axial direction of 
the rotation axis 1008a from the center line and a shape of a 
portion of the other end side (hereafter, referred to as the other 
end side) in the axial direction from the center line are almost 
axisymmetrical. Therefore, only the shape of the one end 
portion of the first intersection line is described hereafter. 
As mentioned above, the first intersection line 1100 is a 

curved line, and among the points on the curved line are 
included a first point 1104 and a second point 1105. When 
describing the positional relationship between the first point 
1104 and the second point 1105, and a center of gravity M of 
the monocycle 1002, the first point 1104 is a point that meets 
following first condition, while the second point 1105 is a 
point that meets following second condition. 

In the first condition, a second imaginary plane includes the 
first point 1104 and is perpendicular to the first imaginary 
plane, the second imaginary plane (in FIG. 14, a plane that 
includes the line B-B and that is perpendicular to the paper 
plane) having the normal direction of the second imaginary 
plane as a tangential direction of the curved line (that is, the 
first intersection line 1100) at the first point 1104, being 
located lower than the center of gravity M of the monocycle 
1002, and 

in the second condition, a third imaginary plane includes 
the second point 1105 and is perpendicular to the first imagi 
nary plane, the third imaginary plane (in FIG. 14, a plane that 
includes the line C-C, and that is perpendicular to the paper 
plane) having the normal direction of the third imaginary 
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plane as a tangential direction of the curved line (that is, the 
first intersection line 1100) at the second point 1105, being 
located upper than the center of gravity M of the monocycle 
10O2. 

In this embodiment, the center of gravity M of the mono- 5 
cycle 1002 is located on the first imaginary plane when the 
attitude of the monocycle 1002 is in the upright state, how 
ever, it is not limited to such. For example, it is possible that 
the center of gravity M is located forward (rearward) than the 
first imaginary plane of the monocycle 1002. Furthermore, it 10 
is assumed that the center of gravity M of this embodiment is 
located at the upper side than the second intersection line 
1110 (namely, above the wheel 1008) when the attitude of the 
monocycle 1002 is in the upright state, however, it is not 
limited to such. For example, it is possible that the center of 15 
gravity M is located between the first intersection line 1100 
and the second intersection line 1110 when the attitude of the 
monocycle 1002 is in the upright state. Furthermore, the 
center of gravity M is located on the imaginary line that 
passes through the center 1103 of the first intersection line 20 
1100, and intersects the rotation axis 1008a of the wheel 1008 
(namely, the center line of the first intersection line 1100). 
The first intersection line 1100 is provided with a first 

curved line portion 1108 of which every point on the line is 
the first point 1104, and a second curved line portion 1109 of 25 
which every point on the line is the second point 1105. Fur 
thermore, in this embodiment, the second curved line portion 
1109 is provided immediately adjacent to the center 1103 of 
the curved line, namely, in the center portion of the first 
intersection line 1100 as shown in FIG. 14. On the other hand, 30 
the first curved line portion 1108 is provided to both end 
portions of the curved line, and one end portion of the first 
curved line portion 1108 is adjacent to the second curved line 
portion 1109. 
On the other hand, a third point 1106 exists on a boundary 35 

between the first curved line portion 1108 and the second 
curved line portion 1109. The third point 1106 is neither the 
first point 1104 nor the second point 1105. When describing 
the positional relationship between the third point 1106 and 
the center of gravity M of the monocycle 1002, the third point 40 
1106 is a point that satisfies a following third condition. 

In the third condition, a fourth imaginary plane includes the 
third point 1106 and is perpendicular to the first imaginary 
plane, the fourth imaginary plane (in FIG. 14, a plane that 
includes line D-D, and that is perpendicular to the paper 45 
plane) having the normal direction of the fourth imaginary 
plane as a tangential direction of the curved line at the third 
point 1106, passing through the center of gravity M of the 
monocycle 1002. 

In this embodiment, since the center of gravity M is on the 50 
center line of the first intersection line 1100, the center 1103 
also can be the third point 1106. 

Furthermore, the shape of the first intersection line as 
described above can be expressed by using, for example, 
hyperbolic functions or the like with a distance from the 55 
center 1103 of the first intersection line 1100 as a variable. 
Effectiveness of the Car in this Embodiment 
As described above, the monocycle 1002 according to this 

embodiment is a monocycle 1002 having the wheel 1008 that 
can rotate about the rotation axis 1008a, and is provided with 60 
the CMG 1030 for controlling the attitude of the monocycle 
1002. The wheel 1008 has the first contacting portion 1008f 
that is located lower than the rotation axis 1008a and that can 
contact the ground during the movement of the monocycle 
1002. When an imaginary plane that includes the rotation axis 65 
1008a and in which the normal direction is a horizontal direc 
tion is the first imaginary plane, the first line of intersection 

30 
1100 of the first contacting portion 1008f and the first imagi 
nary plane is a curved line, and among the points on the 
curved line are included the first point 1104 that satisfies the 
following first condition and the second point 1105 that sat 
isfies the following second condition. 

In the first condition, a second imaginary plane includes the 
first point 1104 and is perpendicular to the first imaginary 
plane, the second imaginary plane in which the normal direc 
tion of the second imaginary plane is a tangential direction of 
the curved line at the first point 1104, being located lower than 
the center of gravity M of the monocycle 1002. 

In the second condition, a third imaginary plane includes 
the second point 1105 and is perpendicular to the first imagi 
nary plane, the third imaginary plane in which the normal 
direction of the third imaginary plane is a tangential direction 
of the curved line at the second point 1105, being located 
upper than the center of gravity M of the monocycle 1002. 
By the way, as described in the paragraph of the Related 

Art, the attitude of the monocycle 1002 needs to be able to 
change according to the movement of the monocycle 1002. 
For example, when the monocycle 1002 is performing a turn 
ing movement, a direction changing movement and so on, the 
attitude of the monocycle 1002 needs to be inclined. In addi 
tion, the maneuverability of the monocycle 1002 improves as 
the attitude of the monocycle 1002 becomes easier to be 
inclined. For this reason, it is preferable that the first contact 
ing portion 1008f provided to the wheel 1008 is a shape in 
which the attitude of the monocycle 1002 can be easily 
changed to an inclined State. 
On the other hand, the attitude of the monocycle 1002 

needs to be appropriately controlled by the CMG 1030. For 
example, the attitude of the monocycle 1002 in the inclined 
state needs to be appropriately restored to the upright state 
under the control of the CMG 1030. However, the attitude 
control ability of the CMG 1030 has a limit, and there is a 
possibility of the attitude of the monocycle 1002 not being 
maintained in an appropriate state, depending on the shape of 
the first contacting portion 1008f. Therefore, the shape of the 
first contacting portion 1008f needs to be a shape that takes 
into account the limit of the attitude control ability of the 
CMG 1030, in order to maintain the attitude of the monocycle 
1002 in the appropriate state. 
The monocycle 1002 according to this embodiment is for 

solving such problems. Hereinafter, the effectiveness of the 
car in this embodiment is described referring to FIG. 15 to 
FIG. 9. 

FIG. 15 is a diagram showing the shape of the first inter 
section line 1100 of the first contacting portion 1008fin which 
the second point 1105 is included but the first point 1104 is not 
included in the points on the first intersection line 1100, as an 
example of a comparative example of this embodiment. FIG. 
16 is a diagram for describing the attitude of the monocycle 
1002, when the monocycle 1002 provided with the first con 
tacting portion 1008f that has the first intersection line 1100 in 
FIG. 15 is inclining so as to rotate in the direction shown in 
symbol R in FIG. 16. FIG. 17 is a diagram showing the shape 
of the first intersection line 1100 in which the first point 1104 
is included but the second point 1105 is not included in the 
points on the first intersection line 1100, as an example of a 
comparative example to this embodiment, as similar to FIG. 
15. FIG. 18 is a diagram for describing the attitude of the 
monocycle 1002 when the monocycle 1002 provided with the 
first contacting portion 1008fhaving the first intersection line 
1100 shown in FIG. 17 is inclined so as to rotate in the 
direction shown by symbol R in FIG. 17. Furthermore, in 
FIG. 15 and FIG. 17, the axial direction of the rotation axis 
1008a of the wheel 1008 and the vertical direction of the 
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monocycle 1002 are shown by arrows. In FIG. 16 and FIG. 
18, the vertical direction of the monocycle 1002 is shown by 
an arrow. Moreover, in the first intersection line 1100 shown 
in FIG. 15 and FIG. 17, as similar to the first intersection line 
1100 shown in FIG. 14, the shape of the portion of the one end 
side and the shape of the portion of the other end side are 
almost axisymmetrical. Therefore, only the shape of the one 
end side in the first intersection line 1100 is described here 
after. Further, in FIG. 15 to FIG. 18, the description of the car 
body 1004, the CMG 1030 and the like are omitted for con 
Venience of explanation. 
As the shape of the first contacting portion 1008f of the 

wheel 1008, there can be a shape in which the first intersection 
line 1100 of the first contacting portion 1008fis a shape which 
includes the second point 1105 but does not include the first 
point 1104 as the points located on the first intersection line 
1100, namely, as shown in FIG. 15, the shape in which the 
portion except the center 1103 in the first intersection line 
1100 is the second curved line portion 1109, and in which the 
first curved line portion 1108 is not included. Here, in the case 
where the first contacting portion 1008f having the first inter 
section line 1100 in this shape is provided to the monocycle 
1002, for example, when the attitude of the monocycle 1002 
inclines so as to rotate in the direction shown by symbol R in 
FIG.16, the first contacting portion 1008f contacts the ground 
at the second point 1105. At this time, as shown in FIG. 16, 
gravity that acts on the center of gravity M of the monocycle 
1002 provides the monocycle 1002 with rotation moment 
(shown by an arrow in FIG. 16) that rotates the monocycle 
1002 in an opposite direction to direction R. Namely, the first 
contacting portion 1008f having the first intersection line 
1100 shown in FIG. 15 is in a shape such that even if the 
attitude of the monocycle 1002 is changed from the upright 
state to the inclined state by rotating in the direction R, the 
attitude of the monocycle 1002 can be restored to the upright 
state without using the CMG 1030. In other words, in the case 
where the first contacting portion 1008fin such a shape is 
provided to the monocycle 1002, the attitude of the mono 
cycle 1002 is less likely to be in an inclined state. Then, it 
becomes difficult for the monocycle 1002 to perform the 
turning movement, the direction changing movement and the 
like, and the maneuverability of the monocycle 1002 also 
decreases. 

Therefore, as described above, it is preferable that the 
shape of the first contacting portion 1008f is such that the 
attitude of the monocycle 1002 can be easily changed to the 
inclined state. Then, as the shape in which the attitude of the 
monocycle 1002 can be easily changed to the inclined state, 
there can be considered a shape in which the first intersection 
line 1100 of the first contacting portion 1008f includes the 
first point 1104 and does not include the second point 1105 as 
the points located on the first intersection line 1100, namely, 
as shown in FIG. 17, the shape in which the portion except the 
center 1103 of the first intersection line 1100 is the first 
curved line portion 1108 and does not include the second 
curved line portion 1109. In the case where the first contact 
ing portion 1008fhaving the first intersection line 1100 in this 
shape is provided to the monocycle 1002, for example, if the 
attitude of the monocycle 1002 inclines so as to rotate in the 
direction shown by symbol R in FIG. 18, the first contacting 
portion 1008f contacts the ground at the first point 1104. At 
this time, as shown in FIG. 18, gravity that acts on the center 
of gravity M of the monocycle 1002 provides the monocycle 
1002 with rotation moment (shown by an arrow in FIG. 18) 
that further rotates the monocycle 1002 in direction R. 
Namely, the shape of the first contacting portion 1008fhaving 
the first intersection line 1100 shown in FIG. 17 is different 
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from the shape shown in FIG. 15, and is in a shape in which 
the attitude of the monocycle 1002 is more likely to be in an 
inclined state. Then, the maneuverability of the monocycle 
1002 improves. 

However, the attitude control ability of the CMG 1030 has 
a limit. When a portion, that is in the first contacting portion 
1008fhaving the first intersection line 1100 shown in FIG. 17, 
is contacted to the ground, the CMG 1030 can not appropri 
ately control the attitude of the monocycle 1002. For 
example, as in this embodiment, in the case where the CMG 
1030 is provided as the attitude control mechanism, when the 
center portion of the first contacting portion 1008f contacts 
the ground, the CMG 1030 cannot appropriately control the 
attitude of the monocycle 1002. Specifically, the attitude of 
the monocycle 1002 changes from the upright state to the 
slightly inclined State so as to rotate about the X axis, and the 
CMG 1030 performs control to restore the attitude of the 
monocycle 1002 to the upright state. Under such circum 
stances, due to the effects of noise when controlling, the limit 
of the resolution of the CMG 1030 and the like, the CMG 
1030 becomes unable to appropriately control the attitude of 
the monocycle 1002, and thus, the monocycle 1002 vibrates 
So as to rotate about the X axis. 
On the contrary, the first intersection line 1100 of the first 

contacting portion 1008f according to this embodiment 
includes both the first point 1104 and the second point 1105 as 
the points located on the first intersection line 1100. Namely, 
there coexist in the first contacting portion 1008f a portion 
which applies a moment that restores the monocycle 1002 to 
the upright state when contacted to the ground (hereafter, 
referred to as upright moment generating portion) and a por 
tion which provides a moment to make the monocycle 1002 
fall down when contacted to the ground (hereafter, referred to 
as falling moment generating portion). Then, as in this 
embodiment, in the case where both end portions of the first 
intersection line 1100 are the first curved line portions 1108, 
both end portions of the first contacting portion 1008f become 
the falling moment generating portions. As a result, as long as 
both end portions of the first contacting portion 1008fare 
contacting the ground, the attitude of the monocycle 1002 can 
be easily changed to the inclined State. In this regard, the 
shape of the first contacting portion 1008f according to this 
embodiment is common with the shape shown in FIG. 17. On 
the other hand, the shape of the first contacting portion 1008f 
according to this embodiment is different from the shape 
shown in FIG. 17 in respect that the center portion of the first 
intersection line 1100 of the first contacting portion 1008fis 
the second curved line portion 1109. Namely, the center por 
tion of the first contacting portion 1008f is the upright 
moment generating portion. As a result, the attitude of the 
monocycle 1002 in the upright state is appropriately main 
tained. Specifically, in the case where the centerportion of the 
first intersection line 1100 is the first curved line portion 
1108, namely, in the case where the center portion of the first 
contacting portion 1008f is the falling moment generating 
portion, vibration of the monocycle 1002 occurs and the 
CMG 1030 becomes unable to appropriately restore the atti 
tude of the monocycle 1002 to the upright state, as described 
above. Here, by replacing the falling moment generating por 
tion to the upright moment generating portion for the center 
portion of the first contacting portion 1008f, when the attitude 
of the monocycle 1002 is near the upright state, the moment 
that restores the attitude of the monocycle 1002 to the upright 
state is generated, and the attitude of the monocycle 1002 can 
be restored to the upright state by this moment. As a result, the 
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vibration of the monocycle 1002 is suppressed, and the atti 
tude of the monocycle 1002 is appropriately maintained to the 
upright state. 

Therefore, since the monocycle 1002 according to this 
embodiment is provided with the first contacting portion 5 
1008f having the shape mentioned above, the attitude of the 
monocycle 1002 can easily be changed to the inclined state, 
and it is possible to maintain the attitude of the monocycle 
1002 in the appropriate state. 
A Modified Example of the First Intersection Line 1100 

In the above-mentioned embodiment, explanation was 
given regarding the case where the second curved line portion 
1109, in which all the points on the line are the second points 
1105, is located at the center portion of the first intersection 
line 1100, and the first curved line portion 1108, in which all 
the points on the line are the first points 1104, is located at 
both end portions of the first intersection line 1100 (hereafter, 
referred to as the present example). However, the shape of the 
first intersection line 1100 is not limited to such, and other 20 
examples can be considered. In this paragraph, other 
examples of shapes of the first intersection line 1100 (here 
after, referred to as a first modified example, and a second 
modified example) are explained. Moreover, in the first inter 
section line 1100 according to each of the modified examples, 25 
as similar to the first intersection line 1100 according to this 
example, a shape of a portion at one end side and a shape of a 
portion at the other end side are almost axisymmetric. There 
fore, only the shape of the one end portion in the first inter 
section line 1100 is described hereafter. 30 
A First Modified Example of the First Intersection Line 1100 

First, a first modified example is described by using FIG. 
19 and FIG. 20. FIG. 19 is a diagram for describing the shape 
of the first intersection line 1100 in the first contacting portion 
1008f according to the first modified example. FIG. 20 will be 35 
described later. Further, in FIG. 19 and FIG. 20, the axial 
direction of the rotation axis 1008a of the wheel 1008 and the 
vertical direction of the monocycle 1002 are shown by 
arrows. Further, for the convenience of explanation, descrip 
tion of the car body 1004, the CMG 1030 and the like are 40 
omitted in FIG. 19 and FIG. 20. 
As shown in FIG. 19, since the center portion of the first 

intersection line 1100 in the first contacting portion 1008f 
according to the present modified example is the first curved 
line portion 1108, as long as the center portion of the first 45 
contacting portion 1008f is contacting the ground, the attitude 
of the monocycle 1002 can be easily changed to the inclined 
state. In this regard, the shape of the first contacting portion 
1008f according to this modified example is common with the 
shape shown in FIG. 17, however, it is different from the 50 
shape shown in FIG. 17 in the respect that both end portions 
of the first intersection line 1100 are the second curved line 
portion 1109. As a result, it is possible to prevent the mono 
cycle 1002 from falling down. Specifically, since both end 
portions of the first contacting portion 1008fare near to the 55 
boundary between the first contacting portion 1008f and the 
non-contacting portion 1008e, in the case where both end 
portions of the first contacting portion 1008fare the falling 
moment generating portions, when an external force and the 
like that makes the monocycle 1002 incline further is applied 60 
to the monocycle 1002 that is in a state in which both end 
portions are contacting the ground, there is a possibility that 
the monocycle 1002 may fall down. Here, by replacing the 
falling moment generating portion with the upright moment 
generating portion for both end portions of the first contacting 65 
portion 1008f in the case where both end portions of the first 
contacting portion 1008f are contacting the ground, the 
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moment that restores the attitude of the monocycle 1002 to 
the upright state is generated, so that the monocycle 1002 is 
prevented from falling down. 

Further, as shown in FIG.20, the first intersection line 1100 
can be provided with the second curved line 1109 at the center 
portion and both end portions of the first intersection line 
1100. FIG. 20 is a diagram that corresponds to FIG. 14 and 
FIG. 19, and shows the shape of the first intersection line 1100 
provided with the second curved line portion 1109 at the 
center portion and both end portions. In the case where the 
first intersection line 1100 is in a shape shown in FIG. 20, an 
effect regarding embodiments in this example (namely, an 
effect of appropriately maintaining the attitude of the mono 
cycle 1002 in the upright state) and an effect regarding 
embodiments of the first modified example (namely, an effect 
of preventing the monocycle 1002 from falling down) are 
exerted. 
A Second Modified Example of the First Intersection Line 
11OO 

Next, a second modified example is described by using 
FIG. 21 and FIG. 22. FIG. 21 is a diagram that describes the 
shape of the first intersection line 1100 of the first contacting 
portion 1008f according to the second modified example, and 
corresponds to FIG. 20. FIG. 22 is described later on. Note 
that, in FIG. 21 and FIG.22, the axial direction of the rotation 
axis 1008a of the wheel 1008 and the vertical direction of the 
monocycle 1002 are shown by arrows. For convenience of 
explanation in FIG. 21 and FIG. 22, description of the car 
body 1004, the CMG 1030 and the like are omitted. 

In the embodiment of the present example and the first 
modified example, the first intersection line 1100 is a curved 
line, and it is provided with the first curved line portion 1108 
and the second curved line portion 1109. Here, the second 
curved line portion 1109 corresponds to the upright moment 
generating portion in the first contacting portion 1008f. As 
described above, in the case where the upright moment gen 
erating portion is located in the center portion of the first 
contacting portion 1008f the monocycle 1002 can appropri 
ately maintain its attitude in the upright state. On the other 
hand, in the case where the upright moment generating por 
tion is located on both end portions of the first contacting 
portion 1008f it is possible to prevent the monocycle 1002 
from falling down. However, the shape of the first intersection 
line 1100 that exerts these effects is not limited to the case in 
which the first intersection line 1100 is provided with the 
second curved line portion 1109. For example, it is possible 
that the first intersection line 1100 is provided with the 
straight line portion 1210 as the portion which has the same 
effect as the effect of the second curved line portion 1109. In 
other words, in the case where the first contacting portion 
1008f has a portion corresponding to the straight line portion 
1210, and this portion is contacting the ground, the attitude of 
the monocycle 1002 maintains the state in which this portion 
is contacting the ground. Therefore, in this example or in the 
first modified example, by replacing the second curved line 
portion 1109 with the straight line portion 1210, the effect of 
the monocycle 1002 appropriately maintaining the attitude in 
the upright state, and the effect of preventing the monocycle 
1002 from falling down are exerted. In addition, as shown in 
FIG. 21, in the embodiment of the second modified example, 
the first intersection line 1100 is provided with the curved line 
portion 1220, other than the straight line portion 1210. Then, 
the points on the curved line portion 1220 are all the first 
points 1104. Namely, the curved line portion 1220 corre 
sponds to the first curved line portion 1108 in this example. 
Therefore, since the straight line portion 1210 in the second 
modified example has the same effect as the second curved 
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line portion 1109 according to this embodiment, the attitude 
of the monocycle 1002 in the embodiment of the second 
modified example can be easily changed to the inclined State 
and the attitude can be appropriately controlled. Furthermore, 
in the embodiment of the second modified example, as shown 
in FIG. 21, the straight line portion 1210 is provided at both 
end portions and the centerportion of the first intersection line 
1100. In such a case, as similar to the first modified example, 
the effect of preventing the monocycle 1002 from falling 
down and the effect of the monocycle 1002 appropriately 
maintaining the attitude in the upright State are both exerted. 
As above-mentioned, it is assumed that the first intersec 

tion line 1100 according to the second modified example has 
the straight line portion 1210 and the curved line portion 
1220, and the straight line portion 1210 is provided at both 
end portions and the centerportion of the first intersection line 
1100, however, it is not limited as such. For example, the 
straight line portion can be provided in either the center 
portion or both end portions of the first intersection line 1100. 
However, in respect that the effect of preventing the mono 
cycle 1002 from falling down and the effect of the monocycle 
1002 appropriately maintaining the attitude in the upright 
state are both exerted, the embodiment of the second modified 
example is more preferable. 

In addition, in the second modified example, it is assumed 
that all points on the curved line portion 1220 are the first 
points 1104, however, it is not limited as such. For example, 
as shown in FIG. 22, it is possible that the second point 1105 
is included in the points on the curved line portion 1220. 
Namely, there can be a case where the curved line portion 
1220 is provided with the third curved line portion 1221 in 
which all points on the line are the first points 1104 (namely, 
a portion that corresponds to the first curved line portion 1108 
in this example) and the fourth curved line portion 1222 in 
which all points on the line are the second points 1105 
(namely, a portion that corresponds to the second curved line 
portion 1109 in this example). In addition, FIG. 22 is a dia 
gram for describing the shape of the first intersection line 
1100 provided with the straight line portion 1210, the third 
curved line portion 1221, and the fourth curved line portion 
1222. In the embodiment of the second modified example, as 
shown in FIG. 22, the straight line portion 1210, the fourth 
curved line portion 1222, the third curved line portion 1221, 
and the straight line portion 1210 are provided on the first 
intersection line 1100 in this order, from the center portion of 
the first intersection line 1100. In the monocycle 1002 that has 
the first contacting portion 1008fin such shape, the effect of 
preventing the monocycle 1002 from falling down and the 
effect of the monocycle 1002 appropriately maintaining the 
attitude in the upright state are both exerted. 

Other Embodiments 

A car according to this invention is described as above 
based on the above-mentioned embodiment, however, the 
foregoing embodiment is for the purpose of elucidating the 
present invention, and is not to be interpreted as limiting the 
present invention. This invention can of course be altered and 
improved without departing from the gist thereof, and 
includes its equivalents. 

Furthermore, in the above embodiment, the CMG 1030 is 
described as an example of the attitude control mechanism, 
however, it is not limited as such. As other attitude control 
mechanisms, a wheel (generally referred to as a reaction 
wheel) in which the rotation speed can be controlled and the 
like can be mentioned, and these can be provided to the 
monocycle 1002. However, even in the case where a large 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

36 
external force that makes the monocycle 1002 change its 
attitude is applied to the monocycle 1002, the attitude of the 
monocycle 1002 can be appropriately controlled. Thus, by 
effectively exerting the attitude control ability of the CMG 
1030, the attitude of the monocycle 1002 can be appropriately 
controlled. In this respect, the above embodiment is more 
preferable. 

Furthermore, in the above embodiment, the CMG 1030 is 
provided with the rotatable flywheel 1032, and the axial 
direction of the rotation axis 1032a of the flywheel 1032 is 
along the vertical direction of the monocycle 1002 (the Z 
axis), however, it is not limited as such. For example, it is 
possible that the axial direction of the rotation axis 1032a of 
the flywheel 1032 is along the movement direction of the car 
(X axis), or is along the axial direction of the rotation axis 
1008a of the wheel 1008 (Yaxis). 

Furthermore, in the above embodiment, it is assumed that 
the number of the wheel 1008 is one, however, it is not limited 
as such and the number of the wheel 1008 can be more than 
one. Namely, in the above embodiment, the monocycle 1002 
is described as an example of the car, however, it is not limited 
as such, for example, this invention can be applied to a two 
wheeled vehicle, a three-wheeled vehicle, a four-wheeled 
vehicle and the like. However, in the case where the number 
of the wheel 1008 is one, since the attitude of the car is apt to 
become unstable compared to the case in which the number of 
the wheel 1008 is more than one, the attitude of the car can be 
more easily changed to the inclined state. In that respect, the 
above-mentioned embodiment is more preferable. 
(5) 
Example of Configuration of a Car 

Next, an outline of an example of a configuration of a car 
according to this embodiment is described by using FIG.23 to 
FIG. 26. Furthermore, in this embodiment, a monocycle 2 
with one wheel is described as an example of the car. FIG. 23 
is a perspective view showing an external configuration of the 
monocycle 2002. FIG. 24 is a schematic diagram showing the 
side of a carbody 2004, a wheel 2008, a control moment gyro 
2030 (hereafter, also referred to as CMG which is an abbre 
viation) and the like provided to the monocycle 2002 as main 
structural elements of the monocycle 2002. FIG. 25 is a 
schematic cross-sectional view of the main structural ele 
ments of the monocycle 2002 shown in FIG. 24 cut at a 
cross-section shown by reference character A-A in FIG. 24. 
FIG. 26 is a perspective view of the wheel 2008. 

Furthermore, coordinate axes are shown in FIG. 23. Here, 
as one example, a front-to-rear direction of the monocycle 
2002 is an X axis, an axial direction of a rotation axis 2008a 
of the wheel 2008 provided to the monocycle 2002 is a Yaxis, 
and a vertical direction of the monocycle 2002 is a Z axis. 
Furthermore, in FIG. 24, the front-to-rear direction of the 
monocycle 2002 (namely, the X axis direction in FIG. 23) and 
the vertical direction of the monocycle 2002 (namely, the Z 
axis direction in FIG. 23) are shown by arrows. Furthermore, 
the axial direction of the rotation axis 2008a of the wheel 
2008 (namely, the Y axis direction in FIG. 23) and the vertical 
direction of the monocycle 2002 (namely, the Z axis direction 
in FIG. 23) are shown by arrows in FIG. 25. Furthermore, in 
FIG. 26, the axial direction of the rotation axis 2008a of the 
wheel 2008 is shown by an arrow. 

Note that, hereafter, an inclined state refers to a state in 
which the car body 2004 and the wheel 2008 (to be more 
accurate, the car body 2004, the CMG 2030, and the wheel 
2008) incline to the side, namely, a state in which the carbody 
2004 and the wheel 2008 incline so as to rotate about the X 
axis. Furthermore, a tilted state refers to a state in which the 
car body 2004 (to be more accurate, the car body 2004 and the 
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CMG 2030) tilts in the front-to rear direction, namely, a state 
in which the carbody 2004 tilts so as to rotate about the Y axis. 
Also, an upright state refers to a state in which the rotation 
axis 2008a of the wheel 2008 is along a horizontal direction 
(namely, a non-inclined State), and at the same time a rotation 
axis 2034a of a gimbal 2034 is along the vertical direction 
(namely, a non-tilted state). Furthermore, the attitude of the 
monocycle 2002 shown in FIG. 23 to FIG.25 is the attitude in 
the upright state. 
As shown in FIG. 23, the monocycle 2002 has the wheel 

2008, the car body 2004, the CMG 2030 as an example of an 
attitude control mechanism, and an internal motor 2060 as an 
example of a driving motor which is a rotation control mecha 
1S. 

The wheel 2008 is provided rotatably about the rotation 
axis 2008a to the car body 2004, described later. As shown in 
FIG. 26, the wheel 2008 is in the shape of a round barrel 
shape. The wheel 2008 is provided with a metal inner pipe 
2008b, and a rubber portion 2008c that covers the outer 
peripheral surface of the inner pipe 2008b at a center portion 
in the axial direction of the inner pipe 2008b (namely, the 
axial direction of the rotation axis 2008a of the wheel 2008). 
Furthermore, the length of the inner pipe 2008b in the axial 
direction is longer than that of the rubber portion 2008c in the 
axial direction, and both end portions of the inner pipe 2008b 
in the axial direction are supported rotatably about the rota 
tion axis 2008a by the car body 2004. On the other hand, the 
external diameter of the rubber portion 2008c is larger than 
the external diameter of the inner pipe 2008b. Furthermore, 
the external diameter of the wheel 2008 (more accurately, the 
external diameter of the rubber portion 2008c) becomes 
shorter from the center portion to the end portion in the axial 
direction. Namely, in this embodiment, the external diameter 
at the center in the axial direction is the largest external 
diameter of the wheel 2008 (shown by reference character “r” 
in FIG. 25). Furthermore, the internal motor 2060 described 
later is provided inside the inner pipe 2008b. The wheel 2008 
rotates by the driving force being transferred from the internal 
motor 2060. 

Further, the wheel 2008 is provided with a contacting por 
tion 2008d that can contact the ground while the monocycle 
2002 is moving. As shown in FIG. 24 and FIG. 25, in this 
embodiment, the contacting portion 2008d is the entire 
peripheral surface of the rubber portion 2008c. Namely, the 
peripheral surface of the rubber portion 2008c can contact the 
ground from a one end portion to the other end portion in the 
axial direction. The monocycle 2002 runs by rotating the 
wheel 2008 in a state in which the contacting portion 2008d is 
contacting the ground, and for example, when the wheel 2008 
rotates in a rotation direction shown by reference character F 
in FIG. 24, the monocycle 2002 moves forward. Furthermore, 
the contacting portion 2008d has a first contacting portion 
2008f as an example of the contacting portion 2008d that is 
located on a lower side of the rotation axis 2008a and that can 
contact the ground while the monocycle 2002 is moving, and 
a second contacting portion 2008g as the contacting portion 
2008d that is located on an upper side of the rotation axis 
2008a. Furthermore, as a matter of course, a part correspond 
ing to the first contacting portion 2008fandapart correspond 
ing to the second contacting portion 2008g of the wheel 2008 
change according to the rotation of the wheel 2008. 
On the other hand, as shown in FIG. 25, non-contacting 

portions 2008e that do not contact the ground during the 
operation of the monocycle 2002 are provided on both end 
surfaces in the axial direction of the rubber portion 2008c. 
The non-contacting portions 2008e are adjacent to the con 
tacting portion 2008d. Namely, in the case where the carbody 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

38 
2004 and the wheel 2008 incline to the side more than the 
state in which the one end portion or the other end portion of 
the first contacting portion 2008f in the axial direction is 
contacting the ground, the attitude of the monocycle 2002 
cannot be restored to the non-inclined State. 

Here, in the case where an imaginary plane that includes 
the rotation axis 2008a of the wheel 2008, and in which the 
normal direction is the horizontal direction (namely, the 
front-to-rear direction of the monocycle 2002 shown in FIG. 
24) is a first plane (in FIG. 24, a plane that includes a line 
shown by reference character A-A, and that is perpendicular 
to the paper surface), a shape of a first intersection line 2100 
that is a line of intersection of the first plane and the first 
contacting portion 2008fis an arc with a radius of curvature R. 
as shown in FIG. 25 (refer to FIG.25). Furthermore, when it 
is assumed that an imaginary line which passes through a 
center 2103 of the first intersection line 2100 and intersects 
the rotation axis 2008a of the wheel 2008 (namely, an imagi 
nary line that coincides with the rotation axis 2034a of the 
gimbal 2034 in FIG.25) is a centerline of the first intersection 
line 2100, a shape of a portion of the first intersection line 
2100 at the one end side in the axial direction and a shape of 
a portion of the first intersection line 2100 of the other end 
side are almost axisymmetrical, with the center line as a 
boundary. Furthermore, in this embodiment, a center of cur 
vature C of the arc is located approximately on the center line 
(refer to FIG. 25). Furthermore, as a matter of course, a 
second intersection line 2110 that is an intersection line of the 
second contacting portion 2008g and the first plane is also an 
arc. Furthermore, a third intersection line 2120 that is an 
intersection line of the non-contacting portion 2008e and the 
first plane is a straight line. 
The car body 2004 is a metal structure and contains a part 

of the wheel 2008 inside and supports the wheel 2008 so that 
it can rotate. Furthermore, at the one end surface of the car 
body 2004 in the longitudinal direction (namely, a direction 
along the rotation axis 2008a of the wheel 2008), a counter 
balance 2009 is provided for adjusting the position of a center 
of gravity of the monocycle 2002 (shown by reference char 
acter Min FIG.24 and FIG.25). As described in FIG. 23, this 
counterbalance 2009 is a ring-shaped metal weight. As shown 
in FIG.24 and FIG. 25, by mounting the counterbalance 2009 
on the monocycle 2002, the center of gravity M of the mono 
cycle 2002 in this embodiment is located approximately on 
the first plane, and at the same time it is located approximately 
on the center line of the first intersection line 2100 (namely, 
on the Z axis). Furthermore, in this embodiment, it is assumed 
that the counterbalance 2009 is provided at the end portion of 
the car body 2004 in the direction along the rotation axis 
2008a, however, it is not limited as such. For example, it is 
possible that the counterbalance 2009 is provided inside the 
inner pipe 2008b of the wheel 2008. 
The CMG 2030 is for controlling the attitude of the mono 

cycle 2002 in order to restore it, and as shown in FIG. 23 and 
the like, it is mounted on the upper portion of the car body 
2004. The CMG 2030 is provided with a wheel 2032 that 
rotates at high speed (commonly referred to as a flywheel), 
the gimbal 2034 that holds the flywheel 2032 and that is 
rotatable about the rotation axis 2034a, a turntable 2036 that 
supports the gimbal 2034 and that rotates about the rotation 
axis 2034a integrally with the gimbal 2034, and a gimbal 
motor 2038 that controls rotation of the gimbal 2034. Fur 
thermore, in a steady state, the rotation axis 2032a of the 
flywheel 2032 is along the rotation axis 2008a of the wheel 
2008, namely, the Y axis shown in FIG. 23, and the rotation 
axis 2034a of the gimbal 2034 intersects the rotation axis 
2008a (in other words, is along the Z axis in FIG. 23). Then, 
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the flywheel 2032 rotates in a predetermined rotation direc 
tion (the direction shown by an arrow in FIG. 24), in the state 
that it is rotatably supported by the gimbal 2034, by the 
driving force being transferred from a driving mechanism not 
shown. Furthermore, the gimbal motor 2038 and the turn 
table 2036 are coupled by a belt, and when the driving force 
is transferred from the gimbal motor 2038 to the turn table 
2036 by a belt pulley mechanism, the gimbal 2034 and the 
turntable 2036 integrally rotate about the rotation axis 2034a. 
However, the mechanism for transferring the driving force to 
the gimbal 2034 is not limited to the belt pulley mechanism, 
and for example, a gear and the like can transfer the driving 
force. 
The CMG 2030 according to this embodiment is provided 

with a control ability to restore the attitude of the monocycle 
2002 from the inclined state to the non-inclined state. That is, 
the monocycle 2002 according to this embodiment can 
restore its attitude from the inclined state to the non-inclined 
state by the control of the CMG 2030. For example, when an 
external force that inclines the car body 2004 and the wheel 
2008 to the side (namely, that rotates the car body 2004 and 
the wheel 2008 about the X axis) is applied to the monocycle 
2002 that is in the upright state attitude, the attitude of the 
monocycle 2002 changes from the upright state to the 
inclined state. When this attitude change is detected, in order 
to restore the attitude of the monocycle 2002 to the upright 
state, the gimbal 2034 that holds the flywheel 2032 rotates 
about the rotation axis 2034a integrally with the turn table 
2036, in the state that the flywheel 2032 is rotating at high 
speed. Thus, when the axial direction of the rotation axis 
2032a of the flywheel 2032 changes, by the so-called gyro 
effect, the moment that rotates the car body 2004 and the 
wheel 2008 about the X axis (namely, the moment that 
restores the attitude of the monocycle 2002 from the inclined 
state to the non-inclined state) is generated, and by this 
moment the attitude of the monocycle 2002 can be restored 
from the inclined state to the non-inclined state. 

Furthermore, the CMG 2030 according to this embodiment 
is provided with a control ability that restores the attitude of 
the monocycle 2002 to the original state from the state that it 
is changed so as to rotate about the Z axis. For example, in the 
case where an external force that rotates the car body 2004 
and the wheel 2008 about the Z axis is applied, and the 
attitude of the monocycle 2002 has changed, the speed of the 
flywheel 2032 changes. By the increase or the decrease in 
speed of the flywheel 2032, the moment that makes the car 
body 2004 and the wheel 2008 rotate about the Z axis is 
generated, and by the moment the attitude of the monocycle 
2002 can be restored to a desired state (namely, the state 
before the car body 2004 and the wheel 2008 starts to rotate 
about the Z axis). 
The internal motor 2060 is a driving motor for rotating the 

wheel 2008. Further, the internal motor 2060 is provided with 
an ability to control a number of rotations of the wheel 2008, 
for restoring the attitude of the monocycle 2002 from the 
tilted state to the non-tilted state. That is, the monocycle 2002 
according to this embodiment can restore its attitude from the 
tilted state to the non-tilted state, by the internal motor 2060 
controlling the number of rotations of the wheel 2008. For 
example, when an external force that inclines the car body 
2004 in the front-to-rear direction (namely, that rotates the car 
body 2004 about the Y axis) is applied to the monocycle 2002 
in the upright state attitude, the attitude of the monocycle 
2002 changes from the upright state to the tilted state. When 
this attitude change is detected, the rotation speed of the 
wheel 2008 increases or decreases, by the control of the 
internal motor 2060. By the change of the rotation speed of 
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the wheel 2008, the moment that makes the car body 2004 
rotate about the Y axis (namely, the force that restores the 
attitude of the monocycle 2002 from the tilted state to the 
non-tilted State) is generated, and by this moment, the attitude 
of the monocycle 2002 can be restored from the tilted state to 
the non-tilted state. 

Note that, the monocycle 2002 is provided with an attitude 
sensor (not shown) such as an attitude gyro, and detects the 
above-mentioned attitude change by the attitude sensor. Fur 
ther, the monocycle 2002 is provided with a main controller 
(not shown). The main controller is provided with a CPU, a 
RAM, a ROM, and the like, and the main controller controls 
the wheel 2008, the CMG 2030, and the like according to an 
output from the attitude sensor. 
Method of Determining the Shape of Wheel 2008 

Previously, the shape of the wheel 2008 had been deter 
mined from the viewpoint of, for example, Versatility, manu 
facturability, design, and the like. However, the shape of the 
wheel 2008 influences the performance of the monocycle 
2002, and in particular, whether or not the attitude of the 
monocycle 2002 in the inclined state is restored to the non 
inclined state depends on the shape of the wheel 2008. There 
fore, in the case where the wheel 2008 with a shape that was 
determined from the above viewpoint is provided to the 
monocycle 2002, there is a possibility that the attitude of the 
monocycle 2002 in the inclined state can not be appropriately 
restored to the non-inclined state by the control of the CMG 
2030, and it becomes difficult to improve the performance of 
the monocycle 2002. 

In this paragraph, a method of determining the shape of the 
wheel 2008 by considering the attitude restoring performance 
and the control ability of the CMG 2030 described above, in 
order to improve the performance of the monocycle 2002 is 
described by using FIG. 27 to FIG. 32. FIG. 27 is a flowchart 
showing the method of determining the shape of the wheel 
2008. FIG. 28 is a flowchart of a numerical calculation for 
determining the radius of curvature R of the first intersection 
line 2100 which is an arc. FIG. 29A and FIG. 29B are dia 
grams for describing the state of the attitude of the monocycle 
2002. FIG.29A is a drawing that corresponds to FIG. 24, and 
it is for describing the tilted angle when the attitude of the 
monocycle 2002 is in the tilted state. Also, FIG. 29B is a 
drawing that corresponds to FIG. 25, and it is for describing 
the inclined angle when the attitude of the monocycle 2002 is 
in the inclined state. FIG. 30 is a drawing for describing the 
calculation results achieved by the numerical calculations for 
determining the radius of curvature R, and it is a graph show 
ing the calculation results when the value of the radius of 
curvature R is provisionally determined as Rb. FIG. 31 is a 
drawing that corresponds to FIG. 30. FIG. 31 shows calcula 
tion results in the case where the maximum number of rota 
tions of the flywheel 2032 is changed to a value that is half the 
maximum number of rotations that is input when obtaining 
the calculation results shown in FIG. 30. FIG. 32 is a drawing 
that describes the rotation moment which is generated when 
the attitude of the monocycle 2002 is in the inclined state and 
also in the tilted state. Furthermore, in FIG. 29A, the front-to 
rear direction of the monocycle 2002 and the vertical direc 
tion of the monocycle 2002 in the upright state are each shown 
by arrows. Further, in FIG. 29B, the axial direction of the 
rotation axis 2008a of the wheel 2008 of the monocycle 2002 
and the vertical direction of the monocycle 2002 in the 
upright state are each shown by arrows. Further, in the graphs 
shown in FIG. 30 and FIG. 31, the vertical axis indicates the 
tilted angle, and the horizontal axis indicates the inclined 
angle, respectively. Further, plots on the coordinates of the 
graphs show whether or not the attitude of the monocycle 
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2002 can be restored to the non-inclined state, from the state 
shown at the coordinates. Among the plots, a black round plot 
indicates that the attitude of the monocycle 2002 can be 
restored to the non-inclined State, and a cross plot indicates 
that the attitude cannot be restored to the non-inclined state, 
respectively. Further, each of the graphs shown in FIG.30 and 
FIG. 31 shows the calculation results when the provisionally 
determined value of the radius of curvature R is changed to 
Ra, Rb, Rc, Rd, Re, and Rf, and the sizes of the provisionally 
determined values Ra, Rb, Rc, Rd, Re, and Rf become larger 
in this order. Further, in FIG. 32, the axial direction of the 
rotation axis 2008a of the wheel 2008 of the monocycle 2002 
and the vertical direction of the monocycle 2002 in the 
upright state are each shown by arrows. 

Hereafter, each step in the method of determining the shape 
of the wheel 2008 is described. 
Step of Determining which Tilted state Attitude is to be 
Restored to the Non-Tilted State Attitude 

In determining the shape of the wheel 2008, first, in order 
to set the attitude restoring performance of the monocycle 
2002, the attitude in which tilted state is to be restored to the 
non-tilted state attitude is determined (S2). The result that is 
determined is illustrated by the tilted angle (the angle shown 
by reference character p in FIG.29A) when the car body 2004 
tilts in the front-to-rear direction. For example, when the 
tilted angle p is determined as 30 degrees, an attitude restor 
ing performance of the monocycle 2002 is set so that even if 
the car body 2004 tilts so as to rotate 30 degrees about the Y 
axis, the attitude of the monocycle 2002 can be restored to the 
non-inclined state. Further, as shown in FIG. 29A, with the 
attitude in the non-tilted State as a reference (namely, consid 
ering that the tilted angle () is 0 degrees), the tilted angle when 
the car body 2004 tilts forward is regarded as a positive angle, 
and the tilted angle when the car body 2004 tilts backward is 
regarded as a negative angle. 
Step of Determining the Largest External Diameter of the 
Wheel 

Next, as a shape of the wheel 2008, the external diameter of 
the wheel 2008 at the center of the rotation axis 2008a in the 
axial direction, namely the largest external diameter r of the 
wheel 2008 is determined (S4). The largest external diameter 
r is determined based on the determination result of step S2 
that determines the attitude in which tilted state is to be 
restored to the non-tilted state, described above. Namely, 
since the largest external diameter raffects whether the atti 
tude restoring performance that has been set will beachieved 
or not, the largest external diameterris determined so that the 
attitude in the tilted state in which its tilted angle p is a value 
that indicates the determination result, can be restored to the 
non-tilted state. On the other hand, when determining the 
largest external diameter r, a parameter showing the control 
ability of the internal motor 2060 is considered. The param 
eter includes a maximum output of the internal motor 2060. 
Namely, whether or not the car body 2004 can restore its 
attitude from the tilted state that is tilted by the tilted angle (p 
indicating the above determination result, to the non-tilted 
state, also depends on the maximum output of the internal 
motor 2060 that controls the number of the rotations of the 
wheel 2008. Thus, even if the wheel 2008 with the same 
largest external diameter ris provided to the monocycle 2002, 
the tilted state that can be restored to the non-tilted state will 
differ if the maximum output of the internal motor 2060 
differs. Therefore, by determining the largest external diam 
eter r, based on the determination result and the maximum 
output of the internal motor 2060, it becomes possible to 
restore the attitude from the tilted state to the non-tilted state, 
when the car body 2004 tilts at the tilted angle (p showing the 
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determination result. Namely, by the monocycle 2002 being 
provided with the wheel 2008 having the largest external 
diameter r that is determined by such determination method, 
the attitude restoring performance of the monocycle 2002 that 
has been set will be achieved. Furthermore, for example, it is 
possible to apply a well known calculation method as the 
calculation method of the largest external diameter r, and a 
value that is calculated by inputting to the calculation method 
the tilted angle (p showing the determination result and the 
maximum output of the internal motor 2060 is adopted as the 
largest external diameter r. 
Step of Determining an Attitude in which State is to Restored 
to the Non-Inclined State 

Next, in order to set the attitude restoring performance of 
the monocycle 2002, the attitude in which state is to be 
restored to the non-inclined state is determined (S6). Specifi 
cally, the attitude in which inclined state and in which tilted 
state is to be restored, is determined. Then, the determination 
results are expressed by the tilted angle (p in the case where the 
car body 2004 tilts in the front-to-rear direction, and by the 
inclined angle in the case where the car body 2004 and the 
wheel 2008 incline in the horizontal direction (the angle 
shown by reference character A in FIG.29B). For example, in 
the case where the tilted angle is determined as 30 degrees, 
and the inclined angle is determined as 20 degrees, the atti 
tude restoring performance of the monocycle 2002 is set so 
that the attitude of the monocycle 2002 in the state that the car 
body 2004 is tilted so as to rotate 30 degrees about the Y axis, 
and the car body 2004 and the wheel 2008 are inclined so as 
to rotate 20 degrees about the X axis, can be restored to the 
non-inclined state. Further, as shown in FIG. 29B, with the 
attitude of the monocycle 2002 in the non-inclined state as a 
reference (namely, considering that the inclined angle 0 is 0 
degree), the inclined angle when the car body 2004 and the 
wheel 2008 incline to the one end side in the axial direction of 
the rotation axis 2008a of the wheel 2008 (to be more accu 
rate, the axial direction of the rotation axis 2008a when the 
attitude of the monocycle 2002 is in the upright state) is 
regarded as a positive angle, and the inclined angle when the 
car body 2004 and the wheel 2008 incline to the other end side 
is regarded as a negative angle. 
Step of Determining Radius of Curvature of an Arc 

Next, as a shape of the wheel 2008, with respect to the first 
intersection line 2100 that is an arc, the radius of curvature R 
of the arc is determined (S8). This radius of curvature R is 
determined, based on the determination results of step S6 that 
determine the attitude in which inclined state and in which 
tilted state is to be restored to the non-inclined state, and the 
parameter that shows the control ability of the CMG 2030 
which affects whether the attitude restoring performance is 
achieved or not. In the case where the wheel 2008 having the 
radius of curvature R determined by such determination 
method is provided to the monocycle 2002, the monocycle 
2002 can appropriately restore its attitude to the non-inclined 
state by the control of the CMG 2030, even in the case where 
the attitude of the monocycle 2002 changes to the state shown 
by the determination result. Further, in this embodiment, 
when determining the radius of curvature R, the numerical 
calculation shown in FIG. 28 is performed regarding the state 
of the attitude of the monocycle 2002 that can be restored to 
the non-inclined state. Hereafter, the procedure of the numeri 
cal calculation is described. 

First, in order to determine to which state the numerical 
calculation is to be performed on, a value regarding the 
inclined state and the tilted state which is an object of the 
numerical calculation is inputted. Specifically, the inclined 
angle 0 as the value showing the inclined state, and the tilted 
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angle (p as the value showing the tilted State are inputted 
respectively. Further, in this embodiment, the input value of 
the inclined angle 0, and input value of the tilted angle pare 
both in the range of 40 degrees to -40 degrees, and are values 
in 10 degree increments. 

Next, the parameter showing the control ability of the 
CMG 2030 and the like is inputted. Further, in this embodi 
ment, the parameter showing the control ability of the CMG 
2030 includes the maximum number of rotations of the fly 
wheel 2032, the diameter of the flywheel 2032, the maximum 
output of the gimbal motor 2038 and the like. 

Next, when performing the numerical calculation, the 
value of the radius of curvature R is provisionally determined, 
and the provisionally determined value of the radius of cur 
vature R is inputted. 

After the input mentioned above is performed, based on the 
inputted value, the calculation regarding whether or not the 
attitude in the inclined state and the tilted state which is 
inputted is to be restored to the non-inclined State, is per 
formed. Specifically, it is decided whether or not the attitude 
in a state that is shown by a combination of the inclined angle 
0 inputted as the value showing the inclined State, and the 
tilted angle pinputted as the value showing the tilted State, can 
be restored to the non-inclined state, within the range of the 
control ability of the CMG 2030 provided to the monocycle 
2002. 
As shown in FIG. 28, the calculation in this embodiment is 

repeatedly performed until it is decided whether or not the 
attitude of the monocycle 2002 can be restored, in respect to 
all combinations of the inclined angle 0 and the tilted angle (p. 
When the calculations regarding all the combinations are 
finished, the numerical calculations are completed, and the 
graphs shown in FIG. 30 are obtained as the calculation 
results. For example, in the case where the numerical calcu 
lation is performed by provisionally determining the value of 
the radius of curvature R as Ra, the graph shown in the left 
side of the upper row in FIG.30 is obtained. Further, as shown 
in FIG. 30, when the provisionally determined value of the 
radius of curvature R is changed, different calculation results 
can be obtained, regarding the state that can be restored to the 
non-inclined state. On the other hand, as shown in FIG.31, as 
an example of the parameter showing the control ability of the 
CMG 2030, in the case where the number of rotations of the 
flywheel 2032 has changed, the calculation results become 
different. This means that, regarding the attitude of the mono 
cycle 2002, the inclined state and the tilted state that can be 
restored to the non-inclined State depends on the radius of 
curvature R of the first intersection line 2100, and the control 
ability of the CMG 2030. Further, such a relationship is 
expressed by an equation of motion regarding variations of 
the attitude of the monocycle 2002, with the radius of curva 
ture R, the parameter showing the control ability of the CMG 
2030, and the like as variables. By solving the equation of 
motion by the numerical calculations, it is possible to decide 
whether or not the attitude in each state that is shown by the 
determination result can be restored to the non-inclined state. 

From the calculation results obtained by the numerical 
calculations, the provisionally determined value of the radius 
of curvature R, when the state in which it is decided that the 
attitude of the monocycle 2002 can be restored to the non 
inclined state (namely, in FIG. 30 and FIG. 31, the inclined 
state and the tilted state shown by the coordinates with black 
round dots) satisfies the determination result, is determined. 
Then, the provisionally determined value of the radius of 
curvature R is determined as the shape of the wheel 2008. For 
example, in order to set the attitude restoring performance of 
the monocycle 2002, if the attitude in the inclined state in 
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which the inclined angle is 30 degrees to -30 degrees and in 
the tilted state in which the tilted angle is 30 degrees to -30 
degrees is determined to be restored to the non-inclined state, 
in the calculation results shown in FIG. 30, since the calcu 
lation result when the radius of curvature R is provisionally 
determined as Rf satisfies the determination result (the range 
surrounded by the short dashed line in FIG. 30), as the shape 
of the wheel 2008, the radius of curvature R is determined as 
Rf. 

According to the above-mentioned determination method 
of the radius of curvature R, as the attitude restoring perfor 
mance of the monocycle 2002, the attitude in which state 
(more specifically, which inclined state and tilted state) can be 
restored to the non-inclined State is determined, and based on 
the determination result and the parameter showing the con 
trol ability of the CMG 2030, the radius of curvature R with 
which the attitude in the state shown by the determination 
result can be restored to the non-inclined state is to be deter 
mined. As a result, when the attitude of the monocycle 2002 
changes to the inclined state, or the tilted state within the 
range of the set attitude restoring performance, it is possible 
to appropriately restore the attitude to the non-inclined State, 
by the control of the CMG 2030, and thus the performance of 
the monocycle 2002 improves. 

Moreover, in this embodiment, in order to determine the 
attitude in which state is to be restored to the non-inclined 
state, the attitude in which inclined state and which tilted State 
is to be restored is determined. Therefore, the attitude in 
which inclined state and which tilted state is to be restored 
becomes clear, and the shape of the wheel 2008 can be deter 
mined, by considering the rotation moment that is generated 
when the attitude of the monocycle 2002 is in the inclined 
state and the tilted State. Specifically, for example, during the 
running movement of the monocycle 2002, in the case where 
the attitude of the monocycle 2002 is in the inclined state in 
which the car body 2004 and the wheel 2008 are inclined to 
the one end side of the rotation axis 2008a of the wheel 2008 
in the axial direction, and in the tilted state in which the car 
body 2004 is tilted forward, the monocycle 2002 performs a 
movement that turns in a predetermined rotation direction 
(the rotation direction shown by reference character P in FIG. 
32), about an imaginary axis along the vertical direction (the 
imaginary axis shown in a long dashed line in FIG. 32). In 
connection with this movement, the axial direction of the 
rotation axis 2032a of the flywheel 2032 provided to the 
CMG 2030 changes. At that time, the direction of angular 
momentum of the flywheel 2032 changes, and therefore by 
the gyro-effect, the rotation moment (the rotation moment in 
the direction shown by reference character T in FIG. 32) that 
rotates the monocycle 2002 about the X axis is generated. The 
rotation moment T needs to be considered when determining 
the shape of the wheel 2008 (especially, the radius of curva 
ture R of the first intersection line 2100), since it affects 
whether the set attitude restoring performance is achieved or 
not. Further, size and direction of the rotation moment T is 
determined by the degree of the inclined state of the attitude 
of the monocycle 2002 (namely, the inclined angle 0) and the 
degree of the tilted state (namely, the tilted angle (p). There 
fore, if it is clear the attitude in which inclined state and which 
tilted state is to be restored, the rotation moment T that 
changes the attitude can be considered, and the shape of the 
wheel 2008 can be determined more appropriately. 

Further, in the numerical calculation according to this 
embodiment, it is to be decided whether or not the attitude can 
be restored to the non-inclined state, for all the combinations 
of the inclined angle 0 and the tilted angle (p. Namely, the 
decision is carried out for a plurality of times, however, it is 
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not limited as such. For example, the decision can be per 
formed for only one time, regarding the state which is 
expressed by the combination of the maximum value of the 
inclined angle 0 and the maximum value of the tilted angle (p. 

Further, in this embodiment, the radius of curvature R is 
determined as for the shape of the wheel 2008, however, it is 
not limited as such. For example, instead of the radius of 
curvature R, a relative position of the center of curvature C of 
the first intersection line 2100 that is an arc, with respect to the 
center of gravity M of the monocycle 2002 can be determined. 

Other Embodiments 

A method of determining the shape of a wheel according to 
this invention is described as above based on the above 
mentioned embodiment, however, the foregoing embodiment 
is for the purpose of elucidating the present invention, and is 
not to be interpreted as limiting the present invention. This 
invention can be altered and improved without departing from 
the gist thereof, and of course includes its equivalents. 

Furthermore, in the above embodiment, it is assumed that 
the number of the wheel 2008 is one, however it is not limited 
as such, and the number of the wheel 2008 can be a plurality. 
Namely, in the above embodiment, the monocycle 2002 is 
described as an example of a car, however it is not limited as 
Such. This invention can be applied, for example, when deter 
mining the shape of the wheel 2008 that is provided to a 
two-wheeled vehicle, a three-wheeled vehicle, a four 
wheeled vehicle and the like. However, in the case where the 
number of the wheel 2008 is one, the attitude of the car is 
more liable to become an inclined state, as compared to the 
case where the number of the wheel 2008 is a plurality, thus 
the shape of the wheel 2008 needs to be more appropriately 
determined, in order to achieve the attitude restoring perfor 
mance of the car. Therefore, the method of determining the 
shape of the wheel 2008 according to this invention becomes 
more significant. In this respect, the above-mentioned 
embodiment is more preferable. 

Furthermore, in the above embodiment, the monocycle 
2002 is provided with the CMG 2030 as the attitude control 
mechanism. In this case, according to the control ability of the 
CMG 2030, the shape of the wheel 2008 can be determined. 
However, as the attitude control mechanism, it is not limited 
to the CMG 2030. For example, this invention can also be 
applied in the case where a person's hands and feet are used 
as the attitude control mechanism, as in the case of a wheel 
barrow. In such a case, the shape of the wheel 2008 can be 
determined, according to the control ability of the person for 
controlling the attitude of the wheelbarrow. Further, in such a 
case, as the parameter showing the control ability of the 
attitude control mechanism that is inputted in the numerical 
calculation, a maximum value of the force which the person 
can exert for controlling the attitude of the wheelbarrow and 
the like is used. 

Furthermore, in the above embodiment, there is described 
the case in which the rotation axis 2032a of the flywheel 2032 
is along the rotation axis 2008a of the wheel 2008, however, 
it is not limited as such. For example, the rotation axis 2032a 
of the flywheel 2032 can be along the direction that intersects 
the rotation axis 2008a of the wheel 2008. 

Furthermore, in the above embodiment, the largest external 
diameter r is determined based on the determination result 
with respect to the attitude in which tilted state is to be 
restored to the non-tilted State, and the maximum output of 
the internal motor 2060, however, it is not limited as such. For 
example, in the method of determining the shape of the wheel 
2008 described above, step S2 for determining the attitude in 
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which tilted state is to be restored to the non-tilted state, and 
step S4 for determining the largest external diameter r of the 
wheel 2008 can be omitted. However, in the case where the 
largest external diameter r is determined based on the deter 
mination result and the maximum output of the internal motor 
2060, it is possible to realize the monocycle 2002 that can 
appropriately restore the attitude which is in the tilted state 
shown by the determination result to the non-tilted state. In 
this respect, the above-mentioned embodiment is more pref 
erable. 

Furthermore, in the above embodiment, the internal motor 
2060 is provided as a rotation control mechanism for control 
ling the number of rotations of the wheel 2008, however, it is 
not limited as such. For example, as other rotation control 
mechanisms, an apparatus Such as a brake can be provided to 
the monocycle 2002. In Such a case, as the parameter showing 
the control ability of the rotation control mechanism which 
has to be considered when determining the largest external 
diameter r, for example, a maximum value and a minimum 
value of a force which is applied to the wheel 2008 by the 
brake for controlling the rotation of the wheel 2008 can be 
mentioned. 

Furthermore, in the above embodiment, as the parameter 
showing the control ability of the CMG 2030, the maximum 
number of rotations of the flywheel 2032, the diameter of the 
flywheel 2032, the maximum output of the gimbal motor 
2038 and the like are employed, however, it is not limited as 
Such. For example, as the parameter, instead of the parameters 
mentioned above, an output limit value of the moment which 
the CMG 2030 generates for controlling the attitude of the 
monocycle 2002, and the like can be employed. 

What is claimed is: 
1. A method of determining a shape of a wheel of a car, said 

wheel being rotatable on a body of the car, an attitude of the 
car being restorable to a non-inclined State from an inclined 
state in which the car body and the wheel are inclined to the 
side, by control of an attitude control mechanism that controls 
the attitude in order to restore the attitude of the car; the 
method comprising: 

determining which state of the attitude is to be restored to 
the non-inclined State, in order to Setanattitude restoring 
performance of the car, 

determining the shape of the wheel, based on the deter 
mined State and a parameter showing a control ability of 
the attitude control mechanism; 

determining which of a tilted state of the attitude is to be 
restored to a non-tilted state, in order to set the attitude 
restoring performance of the car; and 

determining an external diameter of the wheel as the shape 
of the wheel, based on the determined tilted state and a 
parameter showing a control ability of the rotation con 
trol mechanism, wherein 

the car is provided with a control moment gyro having a 
flywheel that can rotate about its rotation axis, as an 
attitude control mechanism, 

the car has one wheel, 
an intersection line of a contacting portion that can contact 

a ground while the car is moving, and that is provided to 
the wheel located on a lower side of the rotation axis of 
the wheel, and an imaginary plane in which a normal 
direction is a horizontal direction, and that includes the 
rotation axis of the wheel, is an arc, 

when determining the shape of the wheel, a radius of cur 
vature of the arc is determined as the shape of the wheel, 

the car is provided with a rotation control mechanism that 
controls a rotation of the wheel in order to restore the 
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attitude of the car from the tilted state in which the car 
body tilts in a front-to-rear direction, to the non-tilted 
State, 

when determining which state of the attitude is to be 

48 
the parameter showing the control ability of the rotation 

control mechanism includes the maximum output of the 
driving motor. 

3. A method of determining a shape of a wheel of a car, said 
restored to the non-inclined state, which inclined state 5 wheel being rotatable on a body of the car; an attitude of the 
and which tilted state of the attitude are to be restored is 
determined, and 

wherein the parameter showing the control ability of the 
attitude control mechanism includes a maximum num 
ber of rotations of the flywheel, a diameter of the fly 
wheel, and a maximum output of a gimbal motor that 
controls a rotation of a rotatable gimbal that holds the 
flywheel. 

2. A method of determining a shape of a wheel of a car, said 
wheel being rotatable on a body of the car, an attitude of the 
car being restorable to a non-inclined State from an inclined 
state in which the car body and the wheel are inclined to the 
side, by control of an attitude control mechanism that controls 
the attitude in order to restore the attitude of the car; the 
method comprising: 

determining which state of the attitude is to be restored to 
the non-inclined State, in order to setanattitude restoring 
performance of the car; 

determining the shape of the wheel, based on the deter 
mined State and a parameter showing a control ability of 
the attitude control mechanism; 

determining which of a tilted state of the attitude is to be 
restored to a non-tilted state, in order to set the attitude 
restoring performance of the car, and 

determining an external diameter of the wheel as the sham 
of the wheel, based on the determined tilted state and a 
parameter showing a control ability of the rotation con 
trol mechanism, wherein 

the car is provided with a control moment gyro having a 
flywheel that can rotate about its rotation axis, as an 
attitude control mechanism, 

the car has one wheel, 
an intersection line of a contacting portion that can contact 

a ground while the car is moving, and that is provided to 
the wheel located on a lower side of the rotation axis of 
the wheel, and an imaginary plane in which a normal 
direction is a horizontal direction, and that includes the 
rotation axis of the wheel, is an arc, 

when determining the shape of the wheel, a radius of cur 
vature of the arc is determined as the shape of the wheel, 

the car is provided with a rotation control mechanism that 
controls a rotation of the wheel in order to restore an 
attitude of the car from the tilted state in which the car 
body tilts in a front-to-rear direction, to the non-tilted 
State, 

when determining which state of the attitude is to be 
restored to the non-inclined state, which inclined state 
and which tilted state of the attitude are to be restored is 
determined, 

the parameter showing the control ability of the attitude 
control mechanism includes a maximum number of 
rotations of the flywheel, a diameter of the flywheel, and 
a maximum output of a gimbal motor that controls a 
rotation of a rotatable gimbal that holds the flywheel, 

wherein the rotation control mechanism is a driving motor 
for rotating the wheel, and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

car being restorable to a non-inclined State from an inclined 
state in which the car body and the wheel are inclined to the 
side, by control of an attitude control mechanism that controls 
the attitude in order to restore the attitude of the car; the 
method comprising: 

determining which state of the attitude is to be restored to 
the non-inclined State, in order to Setanattitude restoring 
performance of the car, and 

determining the shape of the wheel, based on the deter 
mined State and a parameter showing a control ability of 
the attitude control mechanism, 

wherein the car is provided with a control moment gyro 
having a flywheel that can rotate about its rotation axis, 
as an attitude control mechanism, 

wherein the rotation axis of the flywheel is along the rota 
tion axis of the wheel, wherein an intersection line of a 
contacting portion that can contact a ground while the 
car is moving, and that is provided to the wheel located 
on a lower side of the rotation axis of the wheel, and an 
imaginary plane in which a normal direction is a hori 
Zontal direction, and that includes the rotation axis of the 
wheel, is an arc, 

wherein when determining the shape of the wheel, a radius 
of curvature of the arc is determined as the shape of the 
wheel, 

wherein the car is provided with a rotation control mecha 
nism that controls a rotation of the wheel in order to 
restore an attitude of the car from a tilted state in which 
the car body tilts in a front-to-rear direction, to a non 
tilted state, 

wherein the method includes 
determining which tilted state of the attitude is to be 

restored to the non-tilted state, in order to set the 
attitude restoring performance of the car, and 

determining an external diameter of the wheel as the 
shape of the wheel, based on a result that is deter 
mined and aparameter showing a controlability of the 
rotation control mechanism, 

wherein when determining which tilted state of the attitude 
is to be restored to the non-inclined state, which inclined 
state and which tilted state of the attitude are to be 
restored is determined, 

wherein the parameter showing the control ability of the 
attitude control mechanism includes a maximum num 
ber of rotations of the flywheel, a diameter of the fly 
wheel, and a maximum output of a gimbal motor that 
controls a rotation of a rotatable gimbal that holds the 
flywheel, 

wherein the rotation control mechanism is a driving motor 
for rotating the wheel, and 

the parameter showing the control ability of the rotation 
control mechanism includes the maximum output of the 
driving motor. 


